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INTRODUCTION 

This document is the site-specific Quality Assurance Project Plan (QAPP) for sample collection 
and analysis at the Dimock Residential Groundwater Site in Dimock, Pennsylvania, under the 
Superfund Technical Assessment and Response Team (START) contract in EPA Region 3. 

This document will be used in conjunction with TechLaw's Program Quality Assurance Project 
Plan (PQAPP) for Sample Collection and Analysis for Superfund Technical Assessment and 
Response Team (START) EPA Region 3, dated July 2010. Additionally, TechLaw's Sampling 
QA/QC Work Plan (RevOl), dated February 3, 2012 will be used as referenced. 

A.l Project/Task Organization 

EPA On-Scene Coordinator Richard Fetzer will provide overall direction to TechLaw (START) 
staff concerning project sampling requirements, objectives, and schedule. 

The TechLaw START 3 Point of Contact (POC) is-. -is the primary contact for 
contract related matters on START Region 3. 

The TechLaw START Site Leader, is the primary point of contact with the EPA 
OSC. The Site Leader is responsible for the development and completion of the Sampling 
QA/QC Work Plan, project team organization, and supervision of all project tasks, including 
reports and deliverables. 

The TechLaw QA Officer,- will remain independent of the groups responsible for 
data generation. The QA Officer, or his designee will provide QA/QC assistance to the 
TechLaw Site Leader. The QA Officer will also be responsible for final internal review and 
approval of the QAPP. 

The TechLaw Field Team will conduct the actual field work per this QAPP. 

The TechLaw Laboratory Assistance Team (LAT) will coordinate with the analytical 
laboratories. 

The designated laboratories will be responsible for internal control of QA/QC. 

Further discussion on project responsibilities can be found in Section A.l .l and A.1 .2 of the 
PQAPP. 
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A.2 Problem Definition/Background 

The Dimock Residential Groundwater Site (site) is located in the rural community of Dimock 
Township in northeastern Pennsylvania (pop. 1,497-2010 Census). Since 2009, the site has 
received widespread publicity beginning with reports of methane migration into local domestic 
water supplies following Marcellus Shale drilling operations in the area. Groundwater sampling 
activities have also identified the presence of other organic and inorganic contaminants in the 
private-use wells which may potentially be associated with nonconventional deep shale drilling 
activities. The origin of the contaminants has not been fully determined. 

Privately owned wells constitute the primary source of drinking water for residents in the area. 
Drilling and production activities involving deep shale gas extraction is prevalent throughout 
Susquehanna County. 

The site includes affected and potentially affected media, namely ground water and surface 
waters, in the rural area surrounding the intersection of State Route 29 and County Route 2024 in 
Dimock Township. The coordinates for this location are 41.746411 north latitude, 75 .898498 
west longitude. Surface waters in the area enter tributaries of Burdick Creek located 
east/southeast from the site. Burdick Creek flows to Meshoppen Creek also located 
east/southeast from the site. Meshoppen Creek flows southwest and confluences the 
Susquehanna River at Meshoppen, PA. Surface water impoundments and/or ponds and lakes are 
observed in aerial photos to be present near the site. Topographic relief in the vicinity of the site 
is approximately 400 feet ranging from approximately 1,100 feet to 1,500 feet above mean sea 
level (amsl) . The site is located within the glaciated low plateaus section of the Appalachian 
Plateaus Province. Surficial bedrock is comprised of the Devonian Catskill Formation having 
sandstone, siltstone, shale, mudstone and conglomerate lithology. 

The Pennsylvania Ground Water Information System database (PAGWIS) identifies 44 ground 
water withdrawal wells within a 2-mile radius of the site, although more wells are likely to be 
present. Most of the wells recorded in the PAGWIS are used for domestic purposes. Depths of 
19 of these wells are recorded ranging from 125 to 700 feet deep with a median depth of about 
250 feet. Yields from 42 of the wells are recorded as ranging from 1-50 gallons per minute 
(gpm) with a median yield of 13 .7 gpm. 

A.3 Project/Task Description 

On December 19th, 2011, EPA Region III OSC Richard Fetzer tasked TechLaw START to 
perform a removal site evaluation at the site, located at or near Pennsylvania (P A) Route 29 in 
Dimock, Susquehanna County, Pennsylvania. The purpose of the assessment is to provide 
information to EPA to assist in determining if residential home wells have been impacted by 
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nearby gas well installation and development activities. Sampling activities will include the 
collection of residential home well groundwater samples. Additionally, surface water samples 
may be collected if directed by EPA. These sampling activities will be conducted under 
Technical Direction Document (TDD) No. TL01-11-12-001, START Contract No. EP-S3-10-04. 

The objective of the sampling activity is to assess the presence and origin of substances that may 
present a threat to the health of persons ingesting, contacting or engaging in typical residential or 
recreational uses of groundwater or surface water. The analytical methods selected are based in 
part on contaminants that may be present due to the natural gas exploration, drilling or hydraulic 
fracturing activities located in the region. 

A.4 Quality Objectives and Criteria 

The purpose of this QAPP is to ensure that the data generated from this sampling event meet the 
criteria established by EPA Region 3 for precision, accuracy, representativeness, completeness, 
and comparability (PARCC). The reliability of the analytical data generated depends on the 
representativeness of the samples collected, the accuracy and completeness of the documentation 
and record keeping, and the validity and reproducibility of the analytical methods used. Use of 
accepted EPA methods and sound scientific and engineering principles assure consistent, reliable 
products that result in a high degree of user satisfaction. The procedures reflected in this QAPP 
are consistent with EPA accepted methods and other relevant technical standards. TechLaw 
procedures have been established to assure that the resulting analytical data are defensible 
legally as well as technically. 

A.4.1 Data Quality Objectives 

DQOs are qualitative and quantitative statements which specify the quality of the data required 
to support decisions made during sampling and analysis activities and are based on the end uses 
of the data to be collected. The following steps are taken in order to determine the appropriate 
data quality level. 

Step 1: State the problem: 

Degradation of drinking water and surface water quality from contamination claimed to be 
associated with Marcellus shale drilling and hydraulic fracturing ( a.k.a. fracking) operations has 
been reported by local private well owners. Privately owned wells constitute the primary source 
of drinking water for residents in the area. 

Step 2: IdentifY the decision 

The decision to be made is to determine whether water samples have been contaminated, and if 
so, to document the origin of contamination. 
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Step 3: IdentifY the input to the decision 

Approximately forty to sixty residential home well samples will be collected in the vicinity of 
Dimock Township. Tap water samples will be collected at homes where access has been granted 
to EPA officials by property owners. Additionally, it is anticipated that as many as twelve 
surface water samples may be collected from nearby water bodies. 

Step 4: Define the study boundaries 

Water samples will be collected within the vicinity of Dimock Township, Susquehanna County, 
Pennsylvania. 

Step 5: Develop a decision rule 

Samples will be collected to determine the presence and origin of contamination. The resulting 
analytical data will be provided to EPA. If contaminants are present above the laboratory 
method detection limit (MDL), further assessment of the data will be performed by EPA. 

Step 6: SpecifY tolerable limits on decision errors 

The data quality objectives are designed to generate data of known quality that meet project 
needs. Correct sampling and analysis techniques must be followed and resulting data 
scrutinized. The analytical results from the sampling event are evaluated with respect to the 
laboratory (Matrix Spike/Matrix Spike Duplicate [MS/MSD], LCS [Laboratory Control Sample], 
laboratory blanks) and field quality control (QC) samples (i.e., field duplicates, field blanks, 
equipment blanks, and trip blanks). 

Step 7: Optimize the design 

Sample locations, as discussed in Step 2, were specified by EPA. Samples will be collected from 
residential wellheads, residential tap water, and surface water. 

A.4.2 Measurement Performance Criteria 

Analytical measurements conducted by the designated laboratories are performed in accordance 
with the quality assurance (QA) procedures detailed in the various methodologies. Laboratory 
specific information, such as SOPs, QA/QC limits, etc. for the methods to be employed are 
available upon request. 

Further discussion on measurement performance criteria, and P ARCC, can be found in the 
PQAPP. 
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A.4.3 Decision Rules 

A Decision Rule is a statement which allows for a course of action or non-action to be taken, 
based on assumptions made to draw out and test its logical or empirical consequences. 

For the sampling at the Dimock Residential Groundwater Site, samples will be collected to 
determine the presence and origin of contamination. 

A.5 Special Training/Certification 

Section A.5 of the PQAPP discusses general training requirements and documentation. 
Additionally, TechLaw field staffwill be required to have attended ICS 100/200 training. 

A.6 Documents and Records 

Documentation requirements are discussed in Section A.6 of the PQAPP. Project specifics are 
discussed in Section 8.2 of the Sampling QA/QC Work Plan. 

The deliverables to be produced under this project are discussed in Section 10.0 of the Sampling 
QA/QC Work Plan. 
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The following sections describe the sampling and analysis procedures that will be used to during the 
investigation. 

B.l Sampling Process Design (Experimental Design) 

Residential well samples will be collected in accordance with the EPA Environmental Response 
Team (ERT) Standard Operating Procedure (SOP) No. 2007 (ERT, 1995). Samples are anticipated 
to be collected from a valve closest to the well head (wellhead sample) and from the kitchen faucet 
(tap sample) within each home. Inspection of the water system may be required to identity the 
appropriate valve sampling location and to determine if it is downstream or upstream of any 
treatment apparatus. The water samples will be collected simultaneously from the valve closest to 
the wellhead and the kitchen faucet, after purging procedures are completed and water quality 
parameters are stabilized as described in Section 7.0 of the Sampling QA/QC Work Plan. 

Surface water samples may be collected from locations near the site. The surface water samples 
will be collected in accordance with ERT SOP No. 2013, utilizing the direct method (ERT, 1994). 
Surface water sample media will be collected directly into laboratory certified pre-cleaned sample 
bottles as specified in Table 2 of the Sampling QA/QC Work Plan. All samples will be placed on 
ice after collection. The analyses to be conducted, as well as the number of samples to be collected, 
are summarized in Table 1 of the Sampling QA/QC Work Plan. 

B.2 Sampling Methods 

Methods for collecting residential well samples are discussed in Section 7.1 of the Sampling 
QA/QC Work Plan. Sampling of surface water is discussed in Section 7.2 of the Sampling QA/QC 
Work Plan. 

B.3 Sampling Handling and Custody 

Sample handing and custody procedures are discussed in Section B.3 of the PQAPP as well as 
Sections 8.2.2, 8.2.3, 8.2.4 and 8.3 of the Sampling QA/QC Work Plan. Site specific sample 
identification requirements are discussed in Section 7.3 of the Sampling QA/QC Work Plan. 

B.4 Analytical Methods 

The parameters to be analyzed were specified by EPA. 
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Table 1 of the Sampling QA/QC Work Plan sunm1arizes the analytical methods and analyses that 
each laboratory will perform for this investigation. Copies of all TechLaw subcontract laboratory 
SOPs, laboratory Quality Assurance Plans, reporting limits, method detection limits, and QC 
acceptance criteria are available upon request. 

B.5 Quality Control 

QC samples will be collected in the field to assure that measurement objectives are met for 
laboratory analyses. Field QC samples will consist of one field duplicate for every ten field 
samples, or one per matrix if fewer than ten are collected. Duplicate samples will be documented in 
the Field Activities Logbook and on the Traffic Report (TR)/COC. The field duplicate will test the 
reproducibility of sampling procedures and analytical procedures. 

A trip blank will be collected and included in all coolers shipped that contain samples for VOC, 
Gasoline Range Organics (GRO), and dissolved gas analyses. 

A field blank will be collected to ensure the cleanliness of sample containers and to ensure that no 
cross-contamination has occurred during sample collection, preservation, and shipment, as well as 
in the laboratory. 

An equipment blank will also be collected for any new piece of sampling equipment to be used, on 
a one-time basis. 

Laboratory QC will be performed at the frequencies established in their SOPs. Laboratory, and/or 
method specified QC limits where applicable, will be used to evaluate the QC results. Corrective 
action for QC outliers will be handled as per the laboratory QA Plans and applicable SOPs. 

Further information on QC can be found in Section B.5 of the PQAPP. 

B.6 Instrument/Equipment Testing, Inspection and Maintenance 

Section B.6.1 of the PQAPP, and the referenced field SOPs discuss instrument testing, inspection, 
and maintenance of field instruments/equipment. Dedicated, disposable sampling equipment will 
be used by TechLaw whenever possible. 

Section B.6.2 of the PQAPP presents a general discussion of the testing, inspection and 
maintenance requirements for laboratory equipment. Laboratory specific procedures are presented 
in the laboratory SOP and/or QA Plans. 
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B. 7 Instrument/Equipment Calibration and Frequency 

Section B. 7 of the PQAPP, and the referenced field SOPs discuss general instrument calibration 
requirements . Laboratory specific procedures are presented in the laboratory SOP and/or QA Plans. 

The following equipment will be utilized during sample collection activities and will be calibrated 
per the manufacturer's instructions: 

• YSI 556 MPS water quality meter or equivalent that is equipped with data logging 
capability and flow-through cell 

o Calibration Schedule: 
• Daily-DO calibration 
• Weekly -pH 
• Monthly -Specific Conductivity and ORP 

• HACH 2100Q portable turbidimeter (or equivalent instrument) 
o Calibration Schedule: 

• Daily 
• MultiRae Plus 

o Calibration Schedule: 
• Daily - Field Verification 

• Weekly- 5 Sensor Calibration 

The following equipment do not require calibration but will be inspected daily prior to use: 
• Trimble ProXH or equivalent Global Positioning System (GPS) unit 
• HACH titrator (HACH method 8203, equivalent to Standard Method 23208 for alkalinity) 
• HACH DR890 spectrometer (HACH method 8146, equivalent to Standard Method 3500-Fe 

B for wastewater for ferrous iron; HACH method 8131, equivalent to Standard Method 
4500-S2-D for wastewater dissolved sulfide) 

• Peristaltic Pump 

B.S Inspection/Acceptance of Supplies and Consumables 

See Section B.8 of the PQAPP for this information. 

B.9 Non-direct Measurements 

Prior to any field activities, all written and electronic data and information regarding hazardous 
characteristics of potential constituents present on-site are retrieved from literature sources. This 
infom1ation will be available to the TechLaw Field Team members prior to sampling activities. 
This data will provide information on the level of protection needed by the Field Team during field 
operations. This determination will be made by the site Health and Safety Officer and recorded in 
the site-specific Health and Safety Plan (HASP). 
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Section B.lO of the PQAPP presents a discussion ofthe data management requirements . 

Additionally, TechLaw will perform the following data management activities: 

• Field data (e.g., field logbooks, groundwater sampling record sheets, internal chain-of
custody forms, etc.) will be retained in the project files and maintained on site for the 
duration of sampling activities. These records will be scanned and backed up to an external 
hard drive on a regular basis. 

• A hard copy site sample log will be maintained on site and updated on a daily basis. The site 
sample log will be used to track how many residential homes have been sampled, laboratory 
and field QC samples collected, as well as pertinent sample collection information (i.e., 
sample ID, date and time of collection, and field sampler). The site sample log will also be 
maintained electronically in an Excel file which will be used to track frequency of QC 
samples collected. The electronic site sample log will also be used to isolate samples by 
date, etc. to determine the site samples that are associated with respective field QC samples. 

• Electronic files containing pertinent information (e.g., SCRIBE database) will be backed up 
on a daily basis to an external hard drive. 

• Digital photographs will be downloaded and saved to an external hard drive on a regular 
basis. 

• GPS data and data-logged water quality parameters from the YSI will be downloaded and 
saved to an external hard drive on a regular basis. 

• TechLaw will receive an electronic Level IV (CLP-equivalent) analytical data package, as 
well as an electronic data deliverable (EDD), from all Tier IV laboratories. EPA will be 
carbon copied on the email exchange providing the final analytical reports. Upon receipt, 
EPA will forward the analytical data to the Region 3 ESA T contractor for data validation. 

• It is anticipated that analytical data from the EPA laboratories will be emailed to the EPA 
Region 3 W AM and OSC. TechLaw will maintain transmitted analytical results in the 
electronic project files kept on an external hard drive. 

• TechLaw has requested EDDs containing validated data. Once received from EPA, 
TechLaw will upload the validated EDDs into the SCRIBE database. 
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C. ASSESSMENT AND OVERSIGHT 

Section C of the PQAPP presents a discussion of assessments, oversight, responses and 
corrective action. 

C.l Assessments and Response Actions 

No formal internal field audits are planned for the Dimock Residential Groundwater Site 
sampling event. If a field audit is detemlined to be necessary (e.g., deviations from this QAPP, 
the PQAPP, and/or the Sampling QA/QC Work Plan are encountered), or if EPA requests that an 
audit be performed, TechLaw will follow the procedures outlined in Section C.1.1 of the 
PQAPP. 

The TechLaw Site Lead is responsible for ensuring compliance with all project provisions 
presented in the QAPP. 

System assessments of the designated subcontract laboratories are performed by TechLaw. The 
procedures for laboratory assessments are discussed in Section C.1.2 of the PQAPP. 

If corrective action is found to be necessary after an audit, TechLaw will follow the procedures 
discussed in Section C.1.3 of the PQAPP. 

C.2 Reports to Management 

If an audit is performed, an audit report and all necessary corrective actions will be provided to 
TechLaw management as well as to the EPA personnel copied on this QAPP. See Section C.2 of 
the PQAPP for additional details on QA reports to management. 

Additionally, if directed by EPA, TechLaw will provide a Trip Report describing sampling 
activities and analytical results to EPA for this project. 
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D. DATA VALIDATION AND USABILITY 

TechLaw will verify data packages from subcontracted laboratories are complete as per the LAT 
procedures. Details on data verification can be found in Section D of the PQAPP. 

Analytical data generated by the EPA OASQA laboratory will be reviewed and validated in 
accordance with OASQA standard procedures. Other analytical data for organic analyses 
generated under this Sampling QA/QC Work Plan will be evaluated in accordance with EPA 
Region III Modifications to National Functional Guidelines for Organic Data Review Multi
Media, Multi-Concentration (OIMOI.O-OIMOI.9) (September 1994) to Data Validation Level 
M2, and in accordance with EPA Region III Modifications to the Laboratory Data Validation 
Functional Guidelines for Evaluating Inorganics Analyses (April1993) at the IM2 Level. 
Validation for the analytical services subcontract arranged through TechLaw will be requested 
through the EPA ESA T contractor. 

Data assessment and reconciliation with user requirements is discussed in Section D.3 of the 
PQAPP. TechLaw has not been tasked to perform data assessment or evaluation of data 
usability at this time. 
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US EPA CLP Generic COC (REGION COPY) 

DateShipped: 213/2012 

CarrierName: FedEx 

AirbiiiNo: 7980 19911410 

Sample# Matrix/Sampler Coli. 
Method 

HW40 Drinking Water/ Grab 

HW40-P Drinking Water/ Grab 

Special Instructions: 

CHAIN OF CUSTODY RECORO 

Dimock Residential Groundwater/WV 

Case #: CT5865 

Analysis/Turnaround Tag/Preservative/Bottles 

AlphaSp_Th(7), AlphaSp_U(7), 2962 (HN03/1000miHDPE), 
GammaSpec(7), GammaSpec(7), 2963 (HN03/1000miHDPE), 

GammaSpec(7), AL_BETA(7), Ra-226(7), 2964 (HN03/1000miHDPE), 
Ra-228(7) 2965 (HN03/1000miHDPE), 

2966 (HN03/1 OOOmiHDPE), 
2967 (HN03/1000miHDPE), 
2968 {HN03 I 1 OOOmiHDPE), 
2969 (HN03/1000miHDPE) 

(8) 

AlphaSp_Th(7), AlphaSp_ U(7), 2998 (HN03/1000m1HDPE), 
GammaSpec(7), GammaSpec(7), 2999 (H N03 /1 OOOmiHDPE), 

GammaSpec(7), AL_BETA{7), Ra-226(7). 3000 (HN03/1000miHDPE), 
Ra-228(7) 3001 (HN03/1000miHDPE), 

3002 (HN03/1000mlHDPE), 
3003 (HN03/1000miHDPE). 
3004 (HN03/1000miHDPE), 
3005 (HN03/1000miHDPE) 

(8) 

Station 
Location 

HW40 

HW40 

No: 3-020312-104557..0094 
Lab: NAREL 

Lab Contact: 

Lab Phone: 334.270.3400 

Collected Sample Type 

02/02/2012 15:39 Field Sample 

02/0212012 15:44 Field Sample 

Shipment for Case Cornplete? N 

Samples Transferrod From C-hain of Custody # 

Analysis Key: AlphaSp_Th=10-Alpha Spec, Thorium, AlphaSp_U=1~Alpha Spec Uranium, GammaSpec=10-Gamma Spec, AL_BETA=10-GrossAipha/Beta, Ra-226=1~Ra-226, Ra-
228= 1 0-Ra-228 

-
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EXAMPLE AMP IDE TIFICATIO LABEL 

Sample: HW41-P Case: CT5865 
Station Location: HW41 
Date: 2/ 2/ 2012 nme:15:54 Grab 
Preservation: H2504 / 500miHDPE 
Analyses: 07- , 02-,Tot-N 
Sampler: MS/MSD: 
Tag: 

EXAMPLE CUSTOD S ALS 

~o:s~ft}"~t, CUSTODY SEAL 
~ ~ Date 
\ ~ ~------------

i?-4£ PRff(r-~Ci Signature 
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Standard Operating Procedures List 

SOP Number 
2007 
2013 
2139 

SOP Number 
02 05 03 
03 01 04 
03 02 04 
04 02 02 
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Environmental Response Team SOP Title 
Groundwater Well Sampling 
Surface Water Sampling 
Multi Gas Monitor PGM-50/Photoionization Detector (PID) MultiRae Plus 

TechLaw SOP Title 
Field Procedures-Chain-of-Custody 
Field Documentation Procedures-Maintenance of a Field Logbook 
Field Documentation Procedures-Taking and Documenting Photographs 
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1.0 SCOPE AND APPLICATION 

This standard operating procedure (SOP) provides general information on sampling groundwater wells and 
ensures that the sample is representative of the particular groundwater zone being sampled. The growing 
concern over the past several years with respect to low levels of volatile organic compounds (VOCs) in 
water supplies has led to the development of highly sophisticated analytical methods that can provide 
detection limits at part per trillion levels. While the laboratory methods are extremely sensitive, well 
controlled and quality assured, they cannot compensate for a poorly collected sample. The collection of a 
sample should be as sensitive, highly developed and quality assured as the analytical procedures. 

The procedures are designed for sampling the most common types of groundwater contaminants (e.g., 
volatile and semivolatile organic compounds, pesticides, herbicides, polychlorinated biphenyls (PCBs), 
metals, and biological parameters). 

These are standard (i.e., typically applicable) operating procedures which may be varied or changed as 
required, dependent upon site conditions, or equipment limitations and limitations imposed by the 
procedure. In all instances, the ultimate procedures employed should be documented and associated with 
the final report. 

Mention of trade names or commercial products does not constitute United States Environmental Protection 
Agency (U.S. EPA) endorsement or recommendation for use. 

2.0 METHOD SUMMARY 

In order to obtain a representative groundwater sample for chemical analysis ( es ), it is important to remove 
stagnant water from the well casing and the water immediately adjacent to the well before collection of the 
sample. This may be achieved with one of a number of sampling devices. The most common of these 
devices are the bailer, submersible pump, non-contact gas bladder pump, inertia pump and suction pump. 
At a minimum, three well volumes should be purged, if possible. Equipment must be decontaminated prior 
to use and between wells. Once purging is completed and the proper sample containers have been 
prepared, sampling may proceed. Samples should be collected from the depth interval where contaminants 
are expected but need not be collected with the same device used for well purging. However, some 
sampling methods will affect sample integrity and care should be taken when choosing the sampling 
device. If possible, sampling should occur progressively from the least to the most contaminated well. 

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 

DIM0204246 

The sample analysis determines the type of bottle, preservative, holding time, and filtering requirements. 
Samples should be collected directly from the sampling device into appropriate sample containers. Check 
that a Teflon liner is present in the cap of the sample container, if required. Attach a sample identification 
label. Complete a field data sheet, a chain of custody form, and record all petiinent data in the site 
logbook. 

Samples should be placed in a cooler and maintained at 4>C and ideally should be shipped within 24 hours 
of sample collection. If large numbers of samples are being collected, shipments may occur on a regular 
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basis after consultation with the analytical laboratory. In all cases, samples should be shipped well before 
the holding time expires. 

Due to the trace levels at which volatile organics are detectable, cross contamination and introduction of 
contaminants must be avoided. Treatment of the sample with sodium thiosulfate preservative is required 
only if there is residual chlorine in the water that could cause free radical chlorination and change the 
identity of the original contaminants. This preservative should not be used if there is no chlorine in the 
water. Quality assurance/quality control (QA/QC) samples are incorporated into the shipment package to 
provide a check against cross contamination. Samples for the analysis of volatiles, semivolatiles, 
pesticides, herbicides and PCBs do not normally require preservation. Groundwater samples for metal 
analyses should be adjusted with nitric acid to a pH of less than 2. Refer to SERAS SOP# 2003, Sample 
Storage, Preservation and Handling. 

4.0 INTERFERENCES AND POTENTIAL PROBLEMS 

DIM0204246 

The primary goal of well sampling is to obtain a representative sample of the groundwater. Analysis can be 
compromised by: (1) taking an unrepresentative sample, or (2) by incorrect handling of the sample. To 
avoid introducing foreign contaminants into a sample, strict sampling procedures should be followed. 

4.1 Well Purging 

In a non-pumping well, there will be little or no vertical mixing of the water and stratification will 
occur. The well water above the screened section will remain isolated and may lack the 
contaminants representative of the ground water. To avoid collecting unrepresentative water, all 
monitor wells should be purged of three to five volumes of water prior to sampling. When 
purging with a submersible pump, the pump intake may be set within the screened interval if 
evaluation of the well construction, pumping rate, and aquifer characteristics ensures that 
formation material will not be drawn into the well. Otherwise, the pmnp should be set just above 
the top of the screen. Bailers, peristaltic pmnps, and miniature submersible pumps can also be 
used for purging, depending on well depth, groundwater level, and well yield. During purging, the 
temperature, pH, turbidity, and specific conductivity of the groundwater should be monitored at 
regular intervals and recorded in the site field logbook. The frequency of monitoring will depend 
on the purge rate but measurements are generally collected every 5 to 15 minutes. Purging is 
generally considered complete when these parameters stabilize. Depending on the formation 
characteristics and the degree of previous development, turbidity may also be a problem. Purging 
may have to be continued until the turbidity reaches an acceptable level, generally less than 50 
nephelometric turbidity units (NTUs ). 

4.2 Sampling Equipment 

The tendency of organics to adsorb or desorb onto or out of many materials makes the selection of 
sampling materials critical for trace organics analyses. Construction materials for samplers and 
purging equipment (bladders, pump, bailers, and tubing) should be limited to stainless steel, 
polytetrafluoroethylene (Teflon), and glass in areas where concentrations are expected to be at or 
near the detection limit. The use of plastics, such as polyvinyl chloride (PVC) or polyethylene, 
should be avoided when analyzing for organics. However, PVC may be used for evacuation 
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equipment as it will not normally come into contact with the sample. Rinsate blanks may be 
required to check the effectiveness of decontamination procedures when using non -dedicated 
equipment. In highly contaminated wells, disposable equipment (i.e., polypropylene bailers) may 
be appropriate to avoid cross-contamination. 

4.3 Light Non-Aqueous Phase Liquids (LNAPL) 

The presence of floating organic layers in a well may require reevaluation of the sampling plan . 
There is generally little point in sampling the groundwater directly beneath an organic layer and 
the presence of both phases complicates the sampling procedure. The organic phase is usually 
sampled by skimming the top of the liquid column in the well with a bailer or small pump, 
depending on the viscosity of the liquid. 

5.0 EQUIPMENT/APPARATUS 

5.1 Bailers 

Advantages 

• No power source needed 
• Portable 
• Inexpensive, so it can be dedicated and hung in a well, thereby reducing the chances of 

cross contamination 
• Minimal outgassing of volatile organics while sample is in bailer 
• Readily available 
• Removes stagnant water first 
• Rapid, simple method for removing small volumes of purge water 

Disadvantages 

• Time-consuming to flush a large well 
• Transfer of sample may cause aeration 
• The valve at the bottom of the bailer often leaks thus losing some of the sample 

5.2 Submersible Pumps 

Advantages 

• Smaller diameter pumps are usually portable and can be transported from well to well 
• Relatively high pumping rates are possible 
• Generally very reliable and does not require priming 

Disadvantages 

• Potential for effects on analysis of trace organics 
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• Deep wells may require pumps that are heavy and cumbersome to use 
• Expensive 
• Power source needed 
• Sediment in water may clog intake screen or impellers 
• Must be decontaminated between wells 

5.3 Non-Contact Gas Bladder Pumps 

Advantages 

• Maintains integrity of sample 
• Easy to use 
• Can sample from discrete locations within the monitor well 

Disadvantages 

• Difficulty in cleaning, although dedicated tubing and bladder may be used 
• Only useful to a depth of about 100 feet 
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• Requires a supply of gas or an air compressor for operation, gas bottles or compressors 
are often difficult to obtain and are cumbersome 

• Relatively low pumping rates 

5.4 Suction Pumps (including peristaltic pumps) 

Advantages 

• Portable, inexpensive, and readily available 
• Operates from either 110 VAC or 12 VDC 
• Variable flow rate, easily controlled 

Disadvantages 

• Restricted to wells where water levels are within 20 to 25 feet of the ground surface 
• Vacuum can cause loss of dissolved gasses and volatile organics 
• Some types must be primed and vacuum is often difficult to maintain during initial 

stages of pumping 
• Generally suitable for only small diameter shallow wells; maximum flow rate of some 

types (e.g. peristaltic pumps) limited to approximately one gallon per minute (gpm) 

5.5 Inertia Pumps 

Advantages 

• Portable, inexpensive, and readily available 
• Offers a rapid method for purging relatively shallow wells 
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Disadvantages 

• Restricted to areas with water levels within 70 feet of the ground surface 
• May be time consuming to purge wells with these manual pumps 
• Labor intensive 
• WaTerra pmnps (for example) are only effective in 2-inch diameter wells 

5.6 Field Equipment Checklist 

5.6.1 General 

• Water level indicator 
• electric sounder 
• steel tape 
• transducer 
• reflection sounder 
• airline 
• Depth sounder 
• Appropriate keys for well cap locks 
• Steel brush 
• HNU or OVA (whichever is most appropriate) 
• Logbook (bound) 
• Calculator 
• Field data sheets and samples labels 
• Chain of custody records and seals 
• Sample containers 
• Engineer's rule 
• Sharp knife (locking blade) 
• Tool box (to include at least: screwdrivers, pliers, hacksaw, hammer, flashlight 
• Leather work gloves 
• Surgical gloves (for sampling) 
• Appropriate Health & Safety gear 
• Five-gallon pail 
• Plastic sheeting 
• Shipping containers 
• Packing materials 
• Bolt cutters 
• Ziploc plastic bags 
• Containers for evacuation liquids 
• Decontamination solutions 
• Tap water 
• Non phosphate soap 
• Pails or tubs 
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• Aluminum foil 
• Garden sprayer 
• Preservatives 

• Distilled or deionized water 
• Fire extinguisher (if using a generator as a power source) 
• In-line filters, 0.45 microns (J.!m) 
• pH meter, temperature meter specific conductivity meter, turbidity meter 
• Indelible markers 
• Duct tape 
• Paper towel 
• First aid kit 

5.6.2 Bailers 

• Clean, decontaminated bailers of appropriate size and construction material 
• Unused nylon line, enough to dedicate to each well 
• Teflon coated bailer wire 
• Sharp knife 
• Aluminum foil (to wrap clean bailers) 
• Five gallon bucket 

5.6.3 Submersible Pumps 

• Pump(s) 
• Generator (120, or 240 volts) or 12 volt power source, depending on pump 
• Extension cords 
• PVC coil tubing, diameter suitable for flow requirements 
• Hose clamps 
• Safety cable 
• Tool box 
• pipe wrenches 
• wire strippers 
• electrical tape 
• heat shrink wrap or tubing 
• hose connectors 
• Teflon tape 
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• Winch, pulley or hoist for large submersible pumps (4-inch diameter or greater) 
• Gasoline container, gasoline 
• Flow meter and gate valve 
• Plumbing components (nipples, reducers, plastic pipe com1ectors) 
• Control box (ifnecessary) 

5.6.4 Non-Contact Gas Bladder Pumps 
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• Non-contact gas bladder pump 
• Compressor or nitrogen gas tank 
• Batteries and charger 
• Teflon tubing - enough to dedicate to each well 
• Swagelock fitting 
• Toolbox supplements - same as submersible pump 
• Control box (ifnecessary) 

5.6.5 Suction Pumps 

• Pump 
• Black PVC coil tubing - enough to dedicate to each well 
• Gasoline - if required 
• Toolbox 
• Plumbing fittings 
• Flow meter with gate valve 

5.6.6 Inertia Pumps 

• Pump assembly (WaTerra pump, piston pump) 
• Five gallon bucket 

5.6.7 Peristaltic Pmnps 

• Small diameter "Geotubing" 
• Roll of Masterflex tubing 
• 110 V AC generator or 12 VDC power source 
• Knife, screwdriver 
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6.0 REAGENTS 

Reagents may be used for preservation of samples and for decontamination of sampling equipment. The 
preservatives required are specified by the analysis to be performed and are summarized in Environmental 
Response Team/Scientific, Engineering, Response and Analytical Services (ERT/SERAS) SOP #2003, 
Sample Storage, Preservation, and Handling. Decontamination solutions are specified in ERT/SERAS 
SOP #2006, Sampling Equipment Decontamination. 

7.0 PROCEDURES 

DIM0204246 

7.1 Preparation 

1. Determine the extent of the sampling effort, the sampling methods to be employed, and 
the types and amounts of equipment and supplies needed (i.e., diameter and depth of 
wells to be sampled). 
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2. Obtain necessary sampling and monitoring equipment, appropriate to the type of 
contaminant being investigated. For collection of volatile organic samples, refer to the 
work plan to ensure that sufficient 40 milliliter (mL) glass sample vials with Teflon lined 
septa are available. Check availability of preservatives, packing material, sample labels, 
and coolers. Trip blanks are incorporated into the shipment package to provide a check 
against cross contamination. 

3. Decontaminate or pre-clean equipment and ensure that it is in working order. 

4. Perform a general site survey prior to site entry in accordance with the site specific 
Health and Safety Plan. 

5. Identify all sampling locations. 

7.2 Field Preparation 

7.3 

1. Start at the least contaminated well, if known. 

2. Lay plastic sheeting around the well to minimize likelihood of equipment contamination 
from the soil adjacent to the well. 

3. Remove locking well cap, note location, time of day, and date in field notebook or 
appropriate log form. 

4. Remove well casing cap. 

5. Immediately screen headspace of well with an appropriate air monitoring instrument to 
determine the presence of volatile organic compounds and record flame ionization 
detector (FID) or photoionization detector (PID) readings in site logbook. 

6. Measure distance from water surface to a reference measuring point and record in site 
logbook. A reference point may be the top of outer protective casing, the top of riser 
pipe, the ground surface, or the top of a concrete pad. If floating organics are present, the 
water level and depth to floating product can be measured with an oiVwater interface 
probe. However, the presence of floating organics will indicate the need to reevaluate the 
validity of groundwater sampling. 

7. Measure total depth of well and record in site logbook or on field data sheet. 

8. Calculate the volume of water in the well and the volume to be purged usmg the 
calculations in Section 8.0. 

9. Select the appropriate purging and sampling equipment. 

Purging 
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GROUNDWATER WELL SAMPLING 

The amount of purging required before sampling depends on the intent of the monitoring program 
as well as the hydrogeologic conditions. General assessment of groundwater quality may require 
long pumping periods to obtain a sample representative of a large volume of the aquifer. The 
purge volume is determined prior to sampling and the sample is collected after a known volume of 
the water is pumped from the well, or the well can be pumped until parameters such as 
temperature, specific conductivity, pH, or turbidity have stabilized. Groundwater quality in the 
well is considered stabilized after three sets of consecutive readings indicate no change. The time 
between readings is based on the purge rate and cumulative volume but generally is between 5 to 
15 minutes. 

Sampling to define a contaminant plmne requires a representative sample from a small volume of 
the aquifer. This requires that the well be purged enough to remove the stagnant water but not 
enough to induce flow from other areas. Generally, three well volumes are considered sufficient. 
The total volume purged, purge method, purge rate, and the start and end times of purging are 
recorded in the field log book. 

The following purging devices are most commonly used. Other evacuation devices are available, 
but have been omitted in this discussion due to their limited use. 

7.3 .1 Bailers 

Bailers are the simplest purging device and generally consist of a rigid length of tube, 
usually with a ball check-valve at the bottom. A nylon line is used to tie and lower the 
bailer into the well and retrieve a volume of water. The three most common types of 
bailers are made of PVC, Teflon, and stainless steel. Purging with bailers is best suited to 
shallow or small diameter wells. For deep, larger diameter wells that require removal of 
large volumes of water, pumps may be more appropriate. 

Equipment needed will, include a clean decontaminated bailer, Teflon or nylon line, a 
sharp knife, and plastic sheeting. 

1. 

2. 

3. 

4. 

5. 

Determine the volume of water to be purged as described in Section 8.0, 
Calculations. 

Lay plastic sheeting around the well to prevent contamination of the bailer line 
with soil or other foreign materials. Do not let the bailer line touch the ground. 

Attach the line to the bailer and lower into the well until the bailer is completely 
submerged. 

Pull bailer out ensuring that the line either falls onto a clean area of plastic 
sheeting or never touches the ground. 

Empty the bailer into a container of known volume to determine when the purge 
volume is reached. 
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6. Dispose of purge waters as specified in the work plan. 

7.3 .2 Submersible Pumps 

The use of submersible pumps for purging is permissible provided they are constructed of 
no contaminating materials. The chief drawback, however, is the difficulty in avoiding 
cross-contamination between wells. Some pumps can be easily disassembled for 
cleaning, but field decontamination may be difficult and require solvents that can affect 
sample analysis. The use of submersible pumps in multiple well-sampling programs, 
therefore, should be carefully considered against other sampling mechanisms (bailers, 
bladder pumps). In most cases, a sample can be collected by bailer after purging with a 
submersible pump; however, submersible pumps may be the only practical sampling 
device for extremely deep wells (greater than 300 feet of hydraulic head). Under those 
conditions, dedicated pump systems should be considered to eliminate the potential for 
cross-contamination of well samples. 

Submersible pumps generally use either electric or compressed gas for power. Electric 
powered pumps can run off a 12 volt direct current (DC) rechargeable battery, or a 110 or 
220 volt alternating current (AC) power supply. Gasoline used to power electrical 
generators is a potential source of contamination and should be kept well away from 
purging and sampling equipment. Those units powered by compressed air normally use a 
small electric or gas-powered air compressor. They may also use compressed gas (i.e., 
nitrogen) from bottles. Pumps are available for monitor wells of various depths and 
diameters. 

The following steps describe the use of submersible pumps in purging a well: 

1. Determine the volume of water to be purged as described in Section 8.0, 
Calculations . 

2. 

3. 

4. 

5. 

6. 

Lay plastic sheeting around the well to prevent contamination of pumps, hoses 
or lines with soil or other foreign materials. 

Assemble pump, hoses and safety cable, and lower the pump into the well. 
Make sure the pump is deep enough so as not to dewater the pump. 

Attach flow meter to the outlet hose to measure the volume of water purged or 
measure with a container of known volume. 

Use a ground fault circuit interrupter (GFCI) or ground the generator to avoid 
possible electric shock. 

Attach power supply, and purge the well tmtil the specified volume of water has 
been removed (or until field parameters, such as temperature, pH, conductivity, 
etc, have stabilized). Do not allow the pump to run dry. If the pumping rate 
exceeds the well recharge rate, reduce the pumping rate. 
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Pumps in this category may be dedicated to a well and include stainless steel and Teflon 
Middleburg-squeeze bladder pumps such as lEA, TIMCO, Well Wizard or Geolog. 

1. Assemble Teflon tubing, pump and charged control box. 

2. Procedure for purging with a bladder pump is the same as for a submersible 
pump (Section 7.3.2). 

3. Adjust flow rate to prevent violent movement of the hose as water is drawn in. 

7.3.4 Suction Pumps 

Suction pumps include centrifugal, peristaltic and diaphragm. Diaphragm pumps can be 
used for relatively rapid purging and can be adjusted to a slower rate for sampling. The 
peristaltic pump is a low volume pump that uses rollers to squeeze the flexible tubing 
thereby creating suction. The tubing can be dedicated to a well to prevent cross
contamination. Peristaltic pumps, however, require a power source. 

1. Assemble the pump, tubing, and power source if necessary. 

2. Procedure for purging with a suction pump is exactly the same as for a 
submersible pump (Section 7.3 .2). 

7.3.5 Inertia Pumps 

Inertia pumps such as the WaTerra pump and piston pump, are manually operated. These 
pumps are most appropriate to use when wells are too deep to bail by hand, too shallow 
or too small in diameter to warrant the use of a submersible pump. The pumps are made 
of plastic and may either be decontaminated or discarded after use. 

1. Determine the volume of water to be purged as described in Section 8.0, 
Calculations. 

2. Assemble pump and lower to the appropriate depth in the well. 

3. Begin pumping manually, discharging water into a five-gallon bucket (or other 
graduated vessel). Purge tmtil a specified volume of water has been evacuated (or 
until field parameters such as temperature, pH, and conductivity, have stabilized). 

4. Collect and dispose of purge waters as specified in the work plan. 
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7.4 Sampling 

Before choosing a sampling device, the advantages or disadvantages of any one device, as outlined 
in Section 5, should be reviewed. It may be appropriate to use a different device to sample than 
that which was used to purge. The most common example of this is the use of a submersible 
pump to purge and a bailer to sample. Samples for volatile organics are collected first when 
sampling for more than one set of parameters, followed in order by samples for semivolatile 
organic and inorganic analyses. 

7 .4.1 Bailers 

7.4.2 

The positive-displacement sampling bailer is perhaps the most appropriate for collection 
of water samples for volatile analysis. Other bailer types (messenger, bottom fill, etc.) 
are less desirable, but may be mandated by well conditions and desired sample depth. A 
sample is obtained with a bailer using the following steps: 

1. Surround the monitor well with clean plastic sheeting. 

2. Attach a line to a clean decontaminated bailer. Do not let the line touch the 
ground. 

3. Lower the bailer slowly into the well. Stop lowering when adjacent to the 
screen or at the desired sample depth 

4. Allow bailer to fill and then slowly retrieve the bailer from the well. 

5. Remove the cap from the sample container and place it on the plastic sheet or in 
a location where it will not become contaminated. For VOC sampling 
precautions, see Section 7.6. 

6. Slowly pour the sample from the bailer into the sample container. Any 
necessary preservative should be added to the sample container before sampling. 

7. Repeat steps 3, 4, and 6 as necessary to fill the sample container(s). 

8. Cap the sample container tightly and place the prelabeled sample container in a 
carrier. 

9. Replace the well cap. 

10. Log the collection time, sampling method, and analyses required for all samples 
in the site logbook and on field data sheets. 

11 . Package samples and complete necessary paperwork. 

Submersible Pumps 
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Submersible pumps are not recommended for sampling but may be used in some 
situations. The generator and fuel (if needed) used to operate a submersible pump can be 
a source of contamination and should be kept separate from the sampling containers 
during transport and downwind during sampling. 

1. Allow the monitor well to recharge after purging, keeping the pump just above 
the screened section. 

2. Attach a clean gate valve to the discharge hose (if not already fitted), and reduce 
the flow of water to a manageable rate. 

3. Assemble the appropriate bottles. 

4. If a gate valve is not available, run the water down the side of a clean jar and fill 
the sample bottles from the jar. 

5. Cap the sample container tightly and place the prelabeled sample container in a 
earner. 

6. Replace the well cap. 

7. Log all samples in the site logbook and on the field data sheets and label all of 
the samples. 

8. Package samples and complete the necessary paperwork. 

9. Transport sample(s) to the decontamination zone for preparation for transport to 
the analytical laboratory. 

10. Upon sampling completion, remove pump and assembly and fully 
decontaminate the equipment prior to setting it into the next sample well. When 
possible, dedicate the pump tubing to the well. 

7.4.3 Non-Contact Gas Bladder Pumps 

Non-contact gas positive displacement bladder pumps are often used when dedicated 
pumps are required. These pumps are also suitable for shallow (less than 100 feet) wells. 
They are somewhat difficult to clean, but may be used with dedicated sample tubing to 
avoid cleaning. These pumps require a power supply and a compressed gas supply (or 
compressor). They may be operated at variable flow and pressure rates making them 
ideal for both purging and sampling. Barcelona et al. (1984) and Nielsen and Yeates 
(1985) report that the non-contact gas positive displacement pumps cause the least 
amount of alteration in sample integrity as compared to other sample retrieval methods. 

1. Allow the well to recharge after purging. 
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3. Tum the pump on, increase the cycle time and reduce the pressure to the 
minimum that will allow the sample to come to the surface. 

4. Non-filtered samples shall be collected directly from the outlet tubing into the 
sample bottle. 

5. For filtered samples, connect the pump outlet tubing directly to the filter unit. 
The pump pressure should be minimized so that the pressure build up on the 
filter does not blow out the pump bladder or displace the filter. For the Geotech 
barrel filter, no actual connections are necessary. 

6. Cap the sample container tightly and place the prelabeled sample container in a 
earner. 

7. Replace the well cap. 

8. Log all samples in the site logbook and on the field data sheets, and label all 
samples. 

9. Package samples and complete the necessary paperwork. 

10. Transport sample(s) to the decontamination zone for preparation for transport to 
the analytical laboratory. 

11. On completion, remove the tubing from the well and either replace the Teflon 
tubing and bladder with new dedicated tubing and bladder or rigorously 
decontaminate the existing materials. 

7 .4.4 Suction Pumps 

Suction pumps are not recommended for sampling because it is operated by a vacuum 
and could remove volatile organics from the sample. 

7.4.5 Inertia Pumps 

Inertia pumps may be used to collect samples. It is more common, however, to purge 
with these pumps and sample with a bailer (Section 7.4.1). 

1. Following well evacuation, allow the well to recharge. 

2. Assemble the appropriate bottles. 

3. Because these pumps are manually operated, the flow rate may be regulated by 
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the sampler. The sample may be discharged from the pump outlet directly into 
the sample container. 

4. Cap the sample container tightly and place the prelabeled sample container in a 
earner. 

5. Replace the well cap. 

6. Log all samples in the site logbook and on the field data sheets and label all 
samples. 

7. Package samples and complete necessary paperwork. 

8. Upon completion, remove pump and decontaminate or discard, as appropriate. 

7.5 Filtering 

7.6 

Samples collected for dissolved metals analysis may require filtration. The filter must be changed 
or decontaminated between uses. Several types of filters are available. A barrel filter such as the 
"Geotech" works with a pneumatic (e.g. bicycle) pump, used to build up positive pressure in the 
chamber containing the sample, which is then forced through the filter paper (minimum size 0.45 
1-1m) into a jar placed underneath. The barrel itself is filled manually from the bailer or directly via 
the hose of the sampling pump. The pressure must be maintained up to 30 pounds/square inch 
(lbs/in2

) by periodic pumping. 

A vacuum type filter involves two chambers; the upper chamber contains the sample and a filter 
(minimum size 0.45 f..Lm) divides the chambers. Using a hand pump or a Gillian type pump, air is 
withdrawn from the lower chamber, creating a vacuum and thus causing the sample to move 
through the filter into the lower chamber where it is drained into a sample jar. Repeated pumping 
may be required to drain the entire sample into the lower chamber. If preservation of the sample is 
necessary, this should be done after filtering. 

An in-line filter may be used with a peristaltic pump to transfer the sample from the original 
sample jar, through the filter, and into a new sample jar. In-line filters are used specifically for the 
preparation of groundwater samples for dissolved metals analysis, and for filtering large volumes 
of turbid groundwater. Groundwater samples collected for VOCs are generally not filtered . The 
filtering of groundwater is performed primarily to allow for the collection of silty or particulate
laden samples that would otherwise interfere with the laboratory analysis. The filters used in 
groundwater sampling are either cartridge type filters inserted into a reusable housing, or are self
contained and disposable. Disposable filters are preferred and often used to reduce cross
contamination of groundwater samples. Disposable filter chambers are usually constmcted of 
polypropylene material, with an inert filtering material within the housing. Both reusable and 
disposable filters have barb or national pipe thread (NPT) fittings on the inlet and outlet sides of 
the housing to connect to 3fs" or %" tubing. 

Special Considerations for VOC Sampling 
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The proper collection of a sample for VOC analysis requires minimal disturbance of the sample to 
limit volatilization. Sample retrieval systems suitable for collection of volatile organic samples 
are: positive displacement bladder pumps, gear driven submersible pumps, syringe samplers and 
bailers (Barcelona et al, 1984; Nielsen and Yeates, 1985). Field conditions and other constraints 
will limit the choice of appropriate systems. The concern must be to collect a valid sample that 
has been subjected to the least amount of turbulence possible. 

The following procedures should be used: 

1. Open the vial, set cap in a clean place, and collect the sample. When collecting 
duplicates, collect both samples at the same time. 

2. Fill the vial to just overflowing. Do not rinse the vial, or let it excessively overflow. 
There should be a convex meniscus on the top of the vial. 

3. Check that the cap has not been contaminated (splashed) and carefully cap the vial. Place 
the cap directly over the top and screw down firmly. Do not overtighten and break the 
cap. 

4. Invert the vial and tap gently. Observe vial for at least ten (10) seconds. If an air bubble 
appears, discard the sample and resample. It is imperative that no air is trapped in the 
sample vial. 

5. The holding time for samples to be analyzed for VOCs is seven days. Samples should be 
shipped or delivered to the laboratory in as short a time as practical in order to arrive 
before the holding time has expired. Ensure that the samples are stored at 4 oc during 
transport but do not allow them to freeze. The most readily available method of cooling 
is to use ice packed in double-sealed plastic bags (Ziploc® baggies ). 

8.0 CALCULATIONS 
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If it is necessary to calculate the volume of the well, use the following equation: 

Well Volume (gallons)= nr2hk 

where: 

1t = 3.14 
r =radius of monitor well (feet) 
h =height of the water column (feet). This may be determined by subtracting the depth 

to water from the total depth of the well as measured from the same reference point. 
k = conversion factor, 7.48 gallons per cubic foot (gal/ft3

) 

Monitor well diameters typically have a diameter of 2 to 4 inches. If the diameter of the monitor well is 
known, standard conversion factors can be used to simplify the equation above. 
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The volume, in gallons per linear foot, for various standard monitor well diameters can be calculated as 
follows: 

V(gal/ft) = nr2k or V= 23.5r2 

where: 

11: 3.14 
r radius of monitoring well (feet) 
k conversion factor (7.48 gal!ft3

) 

For a 2-inch diameter well, the volume, in gallons per linear foot, can be calculated as follows: 

V/linear ft = m 2k 
= 3.14 (1/12)2 (7.48 gal!ft3) 

= 0.163 gal/ft 

The well radius must be in feet to be able to use the equation. 

The conversion factors (f) for the most common diameter monitor wells are as follows: 

Well diameter-inches 
Volume (gal/ft.) 

2 
0.1631 

3 
0.3670 

4 
0.6528 

6 
1.4680 

If you use the conversation factors above, Equation 1 should be modified as follows: 

WellV=he 

where: 

h =height of water column (feet) 
f = conversion factor 

9.0 QUALITY ASSURANCE/QUALITY CONTROL 
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There are no specific quality assurance (QA) activities that apply to the implementation of these 
procedures. However, the following general QA procedures apply: 

1. 

2. 

All sample collection data, including purge methods and time, sample collection methods, times of 
collection, analyses required, and decontamination procedures (if any) must be documented on 
field data sheets or within site logbooks. 

All instrumentation must be operated in accordance with operating instructions as supplied by the 
manufacturer, tmless otherwise specified in the work plan. Equipment checkout and calibration 
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must occur prior to purging or sampling and should be done according to the instruction manuals 
supplied by the manufacturer. All calibration procedures should be documented in the site 
logbook. 

3. The collection of rinsate blanks is recommended to evaluate potential for cross contamination 
from the purging and/or sampling equipment. 

4. Trip blanks are required if analytical parameters include VOCs. 

10.0 DATA VALIDATION 

This section does not apply to this SOP. 

11.0 HEALTH AND SAFETY 
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When working with potentially hazardous materials, follow U.S. EPA, Occupational Safety and Health 
Administration (OSHA) or SERAS health and safety guidelines. More specifically, depending upon the 
site specific contaminants, various protective programs must be implemented prior to sampling the first 
well. The site health and safety plan should be reviewed with specific emphasis placed on the protection 
program planned for the well sampling tasks. Standard safe operating practices should be followed such as 
minimizing contact with potential contaminants in both the vapor phase and liquid matrix through the use 
of respirators and disposable clothing. 

When working around volatile organic contaminants: 

1. A void breathing volatile constituents venting from the well. 

2. Check the well head-space with a FID/PID prior to sampling. 

3. If monitoring results indicate organic constituents, it may be necessary to conduct sampling 
activities in Level C protection. At a minimum, skin protection will be afforded by disposable 
protective clothing. 

Physical hazards associated with well sampling: 

1. Lifting injuries associated with pump and bailers retrieval; moving equipment. 

2. Use of pocket knives for cutting discharge hose. 

3. Heat/cold stress as a result of exposure to extreme temperatures in protective clothing. 

4. Slip, trip, fall conditions as a result of pump discharge. 

5. Restricted mobility due to the wearing of protective clothing. 

6. Electrical shock associated with use of submersible pumps is possible. Use a GFCI or a copper 
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13.0 APPENDICES 

This section does not apply to this SOP. 
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1.0 SCOPE AND APPLICATION 

This standard operating procedure (SOP) is applicable to the collection of representative surface water 
samples from streams, rivers, lakes, ponds, lagoons, and surface impoundments. It includes samples 
collected from depth, as well as samples collected from the surface. 

These are standard (i.e., typically applicable) operating procedures which may be varied or changed as 
required, dependent upon site conditions, equipment limitations or limitations imposed by the procedure. 
In all instances, the ultimate procedures employed should be documented and associated with the final 
report. 

Mention of trade names or commercial products does not constitute United States Environmental Protection 
Agency (U.S. EPA) endorsement or recommendation for use. 

2.0 METHOD SUMMARY 

Sampling situations vary widely; therefore, no universal sampling procedure can be recommended. 
However, surface water sampling is generally accomplished through the use of one of the following 
samplers or techniques: 

• Kemmerer bottle 

• Van Doren sampler 

• Bacon bomb sampler 

• Dip sampler 

• Direct method 

These samplers and sampling techniques will result in the collection of representative samples from the 
majority of surface waters and impotmdments encountered. 

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 

DIM0204246 

Once samples have been collected, the following procedures should be followed: 

1. 

2. 

3. 

4. 

5. 

6. 

Transfer the sample(s) into suitable, labeled sample containers specific for the analyses to be 
performed. 

Preserve the sample, if appropriate, or use pre-preserved sample bottles. Do not overfill bottles if 
they are pre-preserved. 

Cap the container securely, place in a resealable plastic bag, and cool to 4 °C. 

Record all pertinent data in the site logbook and/or on field data sheets. 

Complete the Chain of Custody record. 

Attach custody seals to cooler prior to shipment. 
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7. Decontaminate all non-dedicated sampling equipment prior to the collection of additional samples. 

4.0 INTERFERENCES AND POTENTIAL PROBLEMS 

There are two primary interferences or potential problems associated with surface water sampling. These 
include cross contamination of samples and improper sample collection. 

1. Cross contamination problems can be eliminated or minimized through the use of dedicated or 
disposable sampling equipment. If this is not possible or practical, then decontamination of 
sampling equipment IS necessary. Refer to ERT/SERAS SOP #2006, Sampling Equipment 
Decontamination. 

2. Improper sample collection can involve using contaminated equipment, disturbance of the stream 
or impoundment substrate, and sampling in an obviously disturbed or non-representative area. 

Following proper decontamination procedures, minimizing disturbance of the sample site, and caref\11 
selection of sampling locations will eliminate these problems. Proper timing for the collection of samples 
must be taken into consideration due to tidal influences and low or fast-flowing streams or rivers. 

5.0 EQUIPMENT/APPARATUS 

Equipment needed for collection of surface water samples may include (depending on technique chosen): 

• Kemmerer bottles 

• Van Doren sampler 

• Bacon bomb sampler 

• Dip sampler 

• Line and messengers 

• Peristalic pump 

• Tygon tubing 

• 0.45 micron (f.!m) filters 

• Sample bottles/preservatives 

• pH paper 

• Resealable plastic bags 

• Ice 

• Coolers, packing material 

• Chain of Custody records, custody seals 

• Field data sheets 

• Decontamination equipment/supplies 

• Maps/plot plan 

• Safety equipment 

• Compass 

• Tape measure 

• Survey stakes, flags, or buoys and anchors 

• Camera and film 
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6.0 REAGENTS 

Reagents will be utilized for preservation of samples and for decontamination of sampling equipment. The 
preservatives required are specified by the analysis to be performed and are summarized in ERT/SERAS 
SOP #2003, Sample Storage, Preservation and Handling. Decontamination solutions are specified in 
ERT/SERAS SOP #2006, Sampling Equipment Decontamination. 

7.0 PROCEDURES 

DIM0204246 

7.1 Preparation 

1. Determine the extent of the sampling effort, the sampling methods to be employed, and 
the types and amounts of equipment and supplies needed. 

2. Obtain the necessary sampling and monitoring equipment. 

3. Decontaminate or pre-clean equipment, and ensure that it is in working order. 

4. Prepare scheduling and coordinate with staff, clients, and regulatory agency, if 
appropriate. 

5. Perform a general site survey prior to site entry, in accordance with the site specific 
Health and Safety Plan (HASP). 

6. Use stakes, flags, or buoys to identify and mark all sampling locations. If required, the 
proposed locations may be adjusted based on site access, property boundaries, and 
obstructions. 

7.2 Representative Sampling Considerations 

In order to collect a representative sample, the hydrology and morphometries of a stream, river, 
pond, lake or impoundment should be determined prior to sampling. This will aid in determining 
the presence of phases or layers in lagoons or impoundments, flow patterns in streams, and 
appropriate sample locations and depths. 

Water quality data should be collected in ponds, lakes and impoundments to determine if 
stratification is present. Measurements of dissolved oxygen, pH, conductivity, oxidation-potential, 
temperature and turbidity can indicate if strata exist that would affect analytical results. 
Measurements should be collected at one-meter intervals from the surface to the bottom using the 
appropriate instrument (i.e., a Hydrolab or equivalent). These water quality measurements can 
assist in the interpretation of analytical data, and the selection of sampling sites and depths when 
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Factors that contribute to the selection of a sampling device used for sampling surface waters in 
streams, rivers, lakes, ponds, lagoons, and surface impoundments are: 

• Width, depth, flow and accessibility of the location being sampled 
• Whether the sample will be collected onshore or offshore 

7 .2.1 Sampler Composition 

The appropriate sampling device must be of a proper composition. Selection of samplers 
constructed of glass, stainless steel, polyvinyl chloride (PVC) or PFTE (Teflon) should be 
based upon the suspected contaminants and the analyses to be performed. 

7.3 Sample Collection 

7.3.1 Kemmerer Bottle 

A Kemmerer bottle (Figure 1, Appendix A) may be used in most situations where site 
access is from a boat or structure, such as a bridge or pier, and where samples at specific 
depths are required. Sampling procedures are as follows: 

1. Use a properly decontaminated Ke1mnerer bottle. Set the sampling device so 
that the upper and lower stoppers are pulled away from the body, allowing the 
surface water to enter tube. 

2. Lower the pre-set sampling device to the predetermined depth. Avoid 
disturbance of the bottom. 

3. When the Kemmerer bottle is at the required depth, send the weighted 
messenger down the suspension line, closing the sampling device. 

4. Retrieve the sampler and discharge the first 10-20 milliliters (mL) from the drain 
to clear potential contamination from the valve. This procedure may be repeated 
if additional sample volume is needed to fulfill analytical requirements. 
Subsequent grabs may be composited or transferred directly to appropriate 
sample containers. 

7.3.2 Van Doren Sampler 

A Van Doren sampler (Figure 2, Appendix A) is used to collect surface water from a very 
specific sampling depth or from a shallow water body. Since the sampler is suspended 
horizontally, the depth interval sampled is the diameter of the sampling tube. The 
sampling procedure is as follows: 

1. Use a properly decontaminated Van Doren sampler. Set the device so that the 
end stoppers are pulled away from the body allowing surface water to enter the 

DIM0204295 



DIM0204246 

STANDARD OPERATING PROCEDURES 

SURFACE WATER SAMPLING 

tube. 

SOP: 
PAGE: 
REV: 
DATE: 

2013 
7 of 14 

0.0 
02/15/02 

2. Lower the pre-set sampling device to the predetermined depth. Avoid 
disturbance of the bottom. 

3. When the Van Doren is at the required depth, send the weighted messenger 
down the suspension line, closing the sampling device. 

4. Retrieve the sampler and discharge the first 10-20 milliliters (mL) from the drain 
to clear potential contamination from the valve. This procedure may be repeated 
if additional sample volume is needed to f\Ilfill analytical requirements. 
Subsequent grabs may be composited or transferred directly to appropriate 
sample containers. 

7.3.3 Bacon Bomb Sampler 

A bacon bomb sampler (Figure 3, Appendix A) may be used in situations similar to those 
outlined for the Kemmerer bottle. Sampling procedures are as follows: 

1. Lower the bacon bomb sampler carefully to the desired depth, allowing the line 
for the trigger to remain slack at all times. When the desired depth is reached, 
pull the trigger line until taut. This will allow the sampler to fill. 

2. Release the trigger line and retrieve the sampler. 

3. Discharge the first 10-20 milliliters (mL) from the drain to clear potential 
contamination from the valve. This procedure may be repeated if additional 
sample volume is needed to fulfill analytical requirements. Subsequent grabs 
may be composited or transferred directly to appropriate sample containers. 

7.3.4 Dip Sampler 

7.3.5 

A dip sampler (Figure 4, Appendix A) is useful in situations where a sample is to be 
recovered from an outfall pipe or along a lagoon bank where direct access is limited. The 
long handle on such a device allows access from a discrete location. Sampling 
procedures are as follows: 

1. Assemble the device in accordance with the manufacturer's instructions. 

2. Extend the device to the sample location and collect the sample by dipping the 
sampler into the water. 

3. Retrieve the sampler and transfer the sample to the appropriate sample 
container( s ). 

Direct Method 
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For streams, rivers, lakes, and other surface waters, the direct method may be utilized to 
collect water samples directly into the sample container(s) . Health and safety 
considerations must be addressed when sampling lagoons or other impoundments where 
specific conditions may exist that warrant the use of additional safety equipment. These 
issues must be addressed in the site-specific HASP. 

Using adequate protective clothing, access the sampling station by appropriate means. 
For shallow stream stations, collect the sample tmder the water surface while pointing the 
sample container upstream; the container must be upstream of the collector. Avoid 
disturbing the substrate. For lakes and other impotmdments, collect the sample under the 
water surface while avoiding surface debris and the boat wake. 

When using the direct method, do not use pre-preserved sample bottles as the collection 
method may dilute the concentration of preservative necessary for proper sample 
preservation. 

8.0 CALCULATIONS 

This section is not applicable to this SOP. 

9.0 QUALITY ASSURANCE/QUALITY CONTROL 

3. 

4. 

5. 

There are no specific quality assurance (QA) activities which apply to the implementation of these 
procedures. However, the following general QA procedures apply: 

1. 

2. 

All data must be documented on field data sheets or within site logbooks. 

All instrumentation must be operated in accordance with operating instructions as supplied by the 
manufacturer, tmless otherwise specified in the work plan. Equipment checkout and calibration 
activities must occur prior to sampling/operation and they must be documented. 

To avoid the incidental inclusion of disturbed sediment in the sample, surface water should be 
collected from a downstream to upstream direction and upstream of any activity that may disturb 
the sediment (i.e., wading). 

While collecting surface water using the direct method, the sample container should be held below 
the surface to avoid the collection of floating debris. 

Water quality data should be collected to detect the presence of stratified layers or other site
specific characteristics that would affect the sample. 

10.0 DATA VALIDATION 

This section is not applicable to this SOP. 

11.0 HEALTH AND SAFETY 
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When working with potentially hazardous materials, follow U.S. EPA, Occupational Health and Safety 
(OSHA) and corporate health and safety procedures. 

More specifically, when sampling lagoons or surface impoundments containing known or suspected 
hazardous substances, adequate health and safety and boating precautions must be taken to ensure the 
safety of sampling personnel. 

12.0 REFERENCES 

Wilde, F.D., D.B. Radtke, J. Gibs and R.T. Iwatsubo. 1998. National Field Manual for the Collection of 
Water-Quality Data- Selection of Equipment for Water Sampling. U.S. Geological Survey Techniques of 
Water- Resources Investigations, Book 9, Chap. A2, variously paged. 

http://water.usgs.gov/owg/FieldManual!index.htmland 
http:/ /water. usgs. gov/ owg/F ieldManual/masterenat.html 

U.S. Environmental Protection Agency. 1984. Characterization of Hazardous Waste Sites - A Methods 
Manual: Volume II. Available Sampling Methods, Second Edition. EPA/600/4-84-076. 

13.0 APPENDICES 

A- Figures 
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FIGURE 1. Kemmerer Bottle 
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FIGURE 2. Van Doren Sampler 
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SURFACE WATER SAMPLING 

FIGURE 3. Bacon Bomb Sampler 
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SURFACE WATER SAMPLING 

FIGURE 4. Dip Sampler 
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1.0 SCOPE AND APPLICATION 

The purpose of this Standard Operating Procedure (SOP) is to describe the procedures for using the Multi 
Gas Monitor PGM-50 Photo-Ionization Detector MultiRAE Plus (hereinafter called the MultiRAE Plus). The 
MultiRAE Plus is a portable, nonspecific, vapor/gas detector employing the principle of Photo-Ionization and 
a combination of electrochemical sensors to measure a variety of organic vapors in parts per million 
(ppm),oxygen (02 ) concentration in percent by volume (vol%) and combustible gases near their explosive 
limit (LEL) in percentage, and up to two inorganic toxic gases in ppm. 

2.0 METHOD SUMMARY 

The MultiRAE Plus is a useful general survey instrument at hazardous waste sites, capable of detecting and 
measuring real-time concentrations of many organic and inorganic vapors in air. The MultiRAE Plus is 
similar to a flame ionization detector (FID) in application; however, the MultiRAE Plus has somewhat 
broader capabilities in that it can detect certain inorganic vapors, oxygen levels, and specific toxics. 
Conversely, the MultiRAE Plus is unable to respond to certain low molecular weight hydrocarbons, such as 
methane and ethane that are readily detected by FID instruments. 

The MultiRae Plus will respond to most vapors that have an ionization potential less than or equal to that 
supplied by the ionization source, which is an ultraviolet (UV) lamp. Photo-ionization occurs when an atom 
or molecule absorbs a photon of sufficient energy to release an electron and form a positive ion. This will 
occur when the ionization potential of the molecule measured in electron volts ( e V) is less than the energy of 
the photon. Though it can be calibrated to a particular compound, the instrument caunot distinguish between 
detectable compounds in a mixture of gases and, therefore, provides an integrated response to the mixture. 

Two lamps, each containing a different UV light source, with energy levels of 10.6 and 11.7 ev, are available 
for use with the MultiRAE Plus. Both detect many aromatic and large molecular hydrocarbons, some smaller 
organic molecules, and some halogenated hydrocarbons. 

Gases with ionization potentials near to or less than that of the lamp will be ionized. These gases will thus be 
detected and measured by the analyzer. Gases with ionization potentials higher than that of the lamp will not 
be detected. Ionization potentials for various atoms, molecules, and compounds are provided in Table 1 
(Appendix A). The ionization potential of the major components of air ( 0 2, nitrogen, and carbon dioxide) 
range from about 12.0 eV to about 15.6 eV and are not ionized by either ofthe two lamps. 

The MultiRAE Plus contains a protected catalytic bead for measuring combustible gases as a percentage of 
their LELs, and interchangeable electrochemical sensors for measuring oxygen and up to two toxic gases. 
The two plug in "smart" toxic sensor ports may be configured for: carbon monoxide (CO), hydrogen sulfide 
(H2S), sulfur dioxide (S02), nitric oxide (NO), nitrogen dioxide (N02 ),chlorine (CL2 ) , hydrogen cyanide 
(HCN), ammonia (NH3 ), phosphine (PH3 ), and ethylene oxide (ETO). The NO, ETO or NH3 toxic sensors 
require a special 300 millivolt (m V) bias voltage to operate. Only the first toxic sensor socket provides such 
a special bias voltage. 

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 

This section is not applicable to this SOP. 
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4.0 INTERFERENCES AND POTENTIAL PROBLEMS 

4.1 MultiRAE Plus Instrument Limitations 

• The PID is a nonspecific total vapor detector. The PID cam1ot distinguish one ionizable gas 
from another. lf there is more than one compound present, it will not give an accurate reading 
of a specific gas, the reading will be an approximate reading of the total gas concentration. 

• The MultiRAE Plus must be calibrated to a specific compound. 

• The MultiRAE Plus does not respond to certain low molecular weight hydrocarbons, such as 
methane and ethane. lf the ionization energy (IE) of a compound is higher than that of the UV 
lamp, it cannot be measured by the PID. 

• High humidity level and the presence of other non-ionizable gas such as methane at 10 vol% 
can reduce the sensitivity of the PID. These effects can be reduced with the use of membrane 
ftlters. 

• When volatile organic compound concentrations are greater than a few thousand ppm the PID 
will lose accuracy, and become over saturated. Some of the gas molecules will be blocked from 
the UV lan1p and therefore will not be ionized. 

• This instrument cannot to be exposed to precipitation (rain) and can only operate in 
temperatures between - 4 degrees and 113 degrees Fahrenheit. 

• Do not use this instnuuent for head space analysis where liquids can inadvertently be drawn into 
the probe. 

• The high pump setting is required for vapors that are especially reactive or absorb easily to 
instnm1ent surfaces. Vapors include CL2, PH3, NH3, HCN, and semi-volatile organic 
compounds like diesel fuel and jet fuels . Removal of the filter will increase the pump speed to 
about tlrree hundred ( cc/min.) 

4.2 Regulatory Limitations 

Transport of calibration gas cylinders by passenger and cargo aircraft must comply with 
International Air Transport Association (lATA) Dangerous Goods Regulations or tl1e U.S. Code of 
Federal Regulations, 49 CFR Parts 100-177. A typical calibration gas included witl1 a MultiRae 
Plus is isobutylene or RAE multi gas mix. It is classified as a non-flatmnable gas, UN #1556, and 
the proper shipping name is Compressed Gas. It must be shipped by cargo aircraft only. 

5.0 EQUIPMENT/APPARATUS 

The following equipment is required for MultiRAE Plus operation: 

• MultiRae Plus 
• Operating manual 
• Lamps: 10.6 eV, or 11.7 eV 
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• Battery charger for MultiRAE Plus 
• Spare batteries 
• Teflon tubing 
• lsobutylene or RAE multi-gas calibration gas 
• "T" valve for calibration 
• Field Data Sheets/Site Logbook 
• Rubber boot with belt clip 
• Calibration regulator 
• Water trap adapter 
• Water trap filters 
• Inlet probe 3 inch 
• Strap for carrying MultiRAE Plus 
• Teflon tubing for downhole measurements 
• Carbon filters 

NOTE: Battery charge status - This instrument may be kept on continuous charge without battery damage. 
The unit can be used while simultaneously charging. 

6.0 REAGENTS 

• lsobutylene standards for calibration 
• RAE multi-gas calibration 
• Mild soap solution for cleaning unit surfaces 
• Specific gas standards when calibrating to a specific compound 

The MultiRAE Plus is calibrated in accordance with the operations manual using isobutylene or RAE multi
gas as the calibration standards. The operations manual may also be referred to for alternate calibration to a 
specific compound. 

7.0 PROCEDURES 

DIM0204246 

7.1 Preparation 

Check out and ensure the proper operation of the MultiRAE Plus, as appropriate, using the 
equipment checklist provided in Sections 5.0 and 6.0 and the steps listed below. 

7.2 Start-Up Procedures 

1. 

2. 

3. 

To tum the unit on press and release the [MODE] key. Allow the unit to warm up for 60 
seconds. 

The monitor will display the preset alann limits for each sensor, the battery voltage, the user 
mode, the alarm mode, the available data storage memory (in hours), the data mode, and the 
datalog interval (in seconds). After 10 seconds, the display will show the instantaneous 
reading of the gas concentration in ppm and is ready to monitor. 

Oxygen should read 20.9% and all other nUlllbers should read 0. If any sensors are not 
correct, perfonn a fresh air calibration (refer to section 7.3.1 Field Calibration). 
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4. To zero the instrument, Press the [Y/+] key at the "Fresh air calibration?" prompt. 

7 .3 Field Operation 

7. 3.1 Field Calibration 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Follow the start-up procedure in Section 7.2. 

Enter the program mode by pressing and holding both the [N/-]key and [MODE] 
key for three seconds. The first menu item displayed will be "Calibrate 
Monitor?", press the [Y/+] to enter the calibration mode. 

If asked for a password, use [Y /+] and [N/-] keys to set the digits of the password, 
and the [MODE] key to move the cursor. Hold the [MODE] for one second when 
done. 

In calibration mode check the "Modify Span Gas Value?" by pressing the [Y /+] 
key. 

If the span gas values are correct (calibration gas concentration and span are set at 
the same ppm value) press and hold the [MODE] key to continue calibrating. If a 
span needs to be changed, press the [Y/+] and [N/-] keys to change the digit value; 
press the [MODE] key momentarily to switch from one digit to the nex.i. When 
completed press and hold the [MODE] key for one second to save the new 
calibration gas value. 

Press the [Y/+] key to "Calibrate monitor?" 

For the fresh air calibration first press the [Y/+] key at the "Fresh air calibration?" 
prompt. You must be in a clean air environment, to continue the calibration. If 
you are not in a clean environment, a "zero" air bottle can be attached to the inlet 
port to continue the calibration. 

For the multiple sensor calibration press the [Y/+] key at the "Multiple sensor 
calibration?" prompt. 

To calibrate all the sensors shown in the display, apply the gas by attaching a tube 
from the regulator on the calibration bottle to the inlet port on the monitor, and 
press the [Y/+] key. To change the sensor selection, press the [N/-] key, then use 
the [MODE] key to position the cursor, the [Y/+] key to select a sensor, and the 
[N/-] key to deselect a sensor. Connect the gas and then hold the [MODE] key to 
start the calibration. 

For a single sensor calibration press the [Y/+ ]key to "Single sensor calibration?" 
prompt, use the [MODE] key to select a sensor, connect the gas, and then press the 
[Y /+]key to start the calibration. 
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11. Upon completion of the calibration record the following infom1ation in the site 
logbook: the instrument identification (ID) nmnber (U.S. EPA decal or serial 
nmnber if the instrument is a rental), the date and time, the concentration of and 
the type of calibration gas used, and the name of the person who field calibrated 
the instrument. 

7.3.2 Operation 

The MultiRAE has three different modes of operation: the text mode, the display 
mode, and the progrannniug mode (the default). 

1. In the text mode the monitor will display the sensor name after the 
monitor is turned on. The [MODE] key can then be used to see the 
instantaneous gas concentration reading, the battery voltage, and to enter 
the personal computer (PC) menu. The user can also get to the 
calibration mode from the text mode to calibrate the monitor. 

2. In the display mode, the MultiRAE Plus is able to display all the 
information in the text mode. Additional options available by depressing 
the [MODE] key: 

3. 

4. 

5. 

• Peak - the highest reading of gas concentration since the monitor was 
turned on 

• Minimum- the lowest reading of each gas concentration since the 
monitor was turned on 

• Short term exposure level (STEL)- the last 15 minute average 
reading of the gas concentration 

• Tin1e weighted average(TWA)- the accumulated reading of the gas 
concentration divided by 8 hours since the monitor was turned on 

• Run time- in hours and minutes 
• Temperature- in degree Celsius (0 C) 
• Datalog mode( or enable/disable datalogging operation in manual 

datalog mode) 
• LELIVOC gas names 
• Printing and communication with a PC options 
• The user will not be able to calibrate or change parameters from the 

display mode. 

In the progranuning mode which is, the default setting, the user may 
perfonn all the functions of the MultiRAE Plus. 

Under no circumstances should the probe tip assembly be inunersed in 
fluid. 

Willie taking care to prevent the MultiRAE Plus from being exposed to 
excessive moisture, dirt, or contamination, monitor the work activity as 
specified in the site Health and Safety Plan. The MultiRAE Plus survey 
should be conducted at a slow to moderate rate of speed and the intake 
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assembly (the probe) slowly swept from side to side. There is a three to 
five second delay in read-out depending upon the instruments sensitivity 
to the contaminant. 

6. When the activity is completed, or at the end of the day, carefully clean 
the outside of the MultiRAE Plus with a damp disposable towel to 
remove any visible dirt. 

7.4 Data Logging 

The MultiRAE Plus calculates and stores gas readings based on a user-specified datalogging period 
and the type of measurements. Average or peak measurements can be stored for each sensor during 
each datalogging interval. The datalogging interval can be set from one second to 60 minutes in 
one-second increments. In addition, time stamp, user ID, site ID, serial number, last calibration date, 
and alarm limits are stored. All data is retained in anon-volatile memory, which can be downloaded 
to a PC. 

7 .4.1 Datalog Options 

1. Automatic: start and stop datalogging automatically when the monitor is turned on and 
off. 

2. Manual: start and stop datalogging by pressing the key manually. There is a tin1er 
available to setup the maximum datalog tin1e. 

3. Periodic: start and stop datalogging daily based on a preset time (hour and minute) . 

4. Schedule: start and stop datalogging based on a preset date and tin1e (month, date, 
hour, and minute) . 

7.4.2 Datalog start/stop 

If the manual datalogging option has been selected from the menu, toggle through the menu using 
[MODE] key until "Start Datalog?" prompt is displayed. 

1. Pressing the [Y/+] key turns on datalogging. 

2. Pressing the [Y/+ key a second time will stop the datalogging. 

All other datalogging options will stop and start automatically. 

7 .5 Post Operation 

1. 

2. 

To turn off the monitor press and hold the [MODE] key for 5 seconds. The monitor will 
beep once per second during the power- down sequence. The message "Off1 .. " flashes on 
the screen and then the screen goes blank. 

Turning the monitor off with the AC charger in place will result in a display of 
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"Charging ... " or "Battery Charged". This means the unit is off, but the smart charger 
circuit is now active. 

3. Check the equipment, repair or replace damaged equipment, and charge the batteries. 

8.0 CALCULATIONS 

DIM0204246 

The MultiRAE Plus can be used for the detection of a wide variety of gases that exhibit different responses. 
Any compound with lE lower than that of the lan1p photons can be measured. The best way to calibrate a 
PID to different compounds is to use a standard of the gas of interest. Correction factors have been 
determined that enable the user to quantify a large number of chemicals using only a single calibration gas, 
typically isobutylene. Correction factors can be used in three ways: 

1. Calibrate the monitor with isobutylene to read in isobutylene equivalents. Manually multiply the 
reading by the correction factor to obtain the concentration of the gas being measured. 

2. Calibrate the monitor with isobutylene to read in isobutylene equivalents. Call up the correction 
factor (see steps below) from the instrument memory or download it from a computer. The monitor 
will then read directly in units of the gas of interest. 

Under the "Sensor Configuration Sub-Menu" select "Change LELNOC Gas Selection?", by 
pressing tl1e [mode] key. 

Press the [Y/+] key. lf the LEL sensor is installed and enabled, the display shows: [LEL Gas= ? 
ethane] 

Otherwise, the message "No LEL installed" will be displayed and skip to Step 8. 

lf the user does not want to change the LEL measurement gas, press the [Y/+] key to accept the 
current gas and skip to Step 6. 

If the user wants to modify the LEL measurement gas, press tl1e [N/-] key first, then use tl1e [Y /+] or 
the [N/-] key to scroll through a list of gas names until the desired gas name appears in the LCD 
display, tl1en press the [MODE] key to select the new gas name. 

The display shows "Save new gas?" To confirm the new gas, press tl1e [Y/+] key to accept the 
change. Press the [N/-] key or tl1e [MODE] key to discard the change and move to the next step. 

Display shows: [methane LEL factor=l.OO?], where ''1.00" is the calculated correction factor of 
the selected gas in Step 4. 

Ifthe user does not want to modify the LEL correction factor, press tl1e [Y/+] key and go to Step 8. 
To modify this factor, press the [N/-] key first. Then starting from the left-most digit, use the [Y/+] 
or [N/-] key to change the digit value and press the [MODE] key momentarily to advance to the next 
digit. Repeat this process until all 4 digits of the new factor are entered. Press and hold the 
[MODE] key for 1 second to exit the data entry mode. If there is any change to the existing value, 
the display shows "Save?" Press the [Y/+] key to accept the new value and exit the gas selection 
sub-menu. Press the [N/-] key to discard the changes. 
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lf the VOC sensor is installed and enabled, the display will show: [VOC Gas=? Isobutylene] 

Otherwise, the message "No VOC installed" will be displayed and move to the next sub-menu. 

lf the user does not want to change the VOC measurement gas, press the [Y /+] key to accept the 
current gas and skip to Step 12. 

lf the user wants to modify the VOC measurement gas, press the [N/-] key first, then use the [Y /+] 
or the [N/-] key to scroll through a list of gas names until the desired gas name appears in the LCD 
display, then press the [MODE] key to select the new gas name. 

The display shows "Save new gas?" To confim1 the new gas, press the [Y/+] key to accept the 
change. Press the [N/-] key or the [MODE] key to discard the change and move to the next step. 

Display shows: [methane VOC factor=l.OO?], where "1.00" is the calculated correction factor of 
the selected gas in Step 10. 

lfthe user does not want to modify the VOC correction factor, press the [Y/+] key and go to Step 8. 
To modify this factor, press the [N/-] key first. Then starting from the left-most digit, use the [Y/+] 
or [N/-] key to change the digit value and press the [MODE] key momentarily to advance to the next 
digit. Repeat this process until all 4 digits of the new factor are entered. Press and hold the 
[MODE] key for 1 second to exit the data entry mode. If there is any change to the existing value, 
the display shows "Save?" Press the [Y /+] key to accept the new value and exit the gas selection 
sub-menu. Press the [N/-] key to discard the changes. 

3. Calibrate the monitor with isobutylene, but input an equivalent, "corrected" span gas concentration 
when prompted for this value. The unit will then read directly in units of tl1e gas of interest. 

The list of correction factors and IEs is provided in Table 1. 

9.0 QUALITY ASSURANCE/QUALITY CONTROL 

There are no specific quality assurance activities which apply to the implementation of these procedures. 
However, the following general QA procedures apply: 

1. All data must be documented on field data sheets or site logbooks. 

2. All instrumentation must be operated in accordance witl1 operating instructions as supplied by the 
manufacturer, unless otherwise specified in tl1e work plan. Equipment checkout and calibration 
activities must occur prior to sampling/operation, and they must be documented. 

10.0 DATA VALIDATION 

This section is not applicable to this SOP. 

11.0 HEALTH AND SAFETY 
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When working with potentially hazardous materials, follow U.S. EPA, OSHA, or corporate health and safety 
practices. 

12.0 REFERENCES 
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TABLE 1. Correction Factors and Ionization Energies 

Technical Note TN-106 
~'1m007 

C1n1p0Und!Ume SynanymiAbbrl!'lrialion CAS No. Fonnula 9.8 c 10.6 c 11.7 CIE (•II) lWA 
Aoelaklel!)'le 7!Hl7-!l C;l-1,0 NR + ~ .. 3.3 + >10.23 C2!i 
1\ceticacid -Elhanoic Acid EH-HI-7 C,H.O, NR + 22 + 2.6 + 10_611, 1D 
lli:<!ticanbymde Elhanoic Acid Anhydride 108-24-7 G,HeO, NR + 6.1 • 2.0 + 10.14 5 
Al:elnoo 2-~ 67-M-1 C..HeO 1.2 + 1.1 oil- 1.4 + Q_71 500 
-...~ 2-1-l}'dltlllYisoi:ut;nln.'irile 75-86-5 G,H,NO 4 ~ 11.1 G5 
-i- '1.11;111jlcyanide. ~~ 75--05--B C;H,N 1100 12. 1QI "10 
~ Elh}one. 74-116-2 C;H, .2. 1 + lUCI ne - Propenill 1m-m~ •C,H.O 42 + 3.Q L4 + IO.W ll.t 
Al:l)'licacid Propenoic Acid 79-Hl-7 IG,H.O, 12 2.0 + 10.6!) 2 
Arr,looibie F'ropene<libie 107-13-1 •C,H,N NR • 12 + 10.1!11 2 
All)! alcohol 107-1-8--ll •C,HoO 4.5 + 2.4 + u + 9.!17' 2 
All)ldbide -3-C..Ibq>ii.cpeite' 107-ll5-1 c,H,GI 4-3 ll.7 9.~ 1 
Amnoon'ia 788<1-4!-7 H,N NR + 91 "' 5.7 ~ 10.1~ 2.5 
Am)il acetal!! milo ol n-I'Ent)l.....- & 628-83-J GrH,.O, 11 + 2:3 + 0.95 + <B.~ 100 

2-MelhyiJutJI-
Am)il-ol 1'-Peolimol 75--85-4 C.Hi,O ~ 1.6 10.00 ne 
Anifllile ~e. Er..!,-53--3 CrH,N 0..50 + 0.~ + 0.47 + 7.72. 2 
ArniS<lle M<!lth!lX}'benzonl! HXl--llB-3 Crt-leO o,sg + 0.511 .. D.51l + 8.21 '"" - Arseoio Oihy<nle 77-84-42-1 Asl--b 1.Q • 9.89 '0.D5 
Ele=*lebyde 100-52.-1 c , Hoo 9.4~ "" !lenzonilmiBe•, N--rmelhr1" N-Methylphemyt.mine- 100-8 1~ CrHoN 0.7 7 .. 03 
llemEoe 71--'13-2 CoHo 0.55 + oro + 0.6 + 9.25 115 
Bl:nzcnitrile ~be<!z>ene 100-47-ll c ,HoN 1.B 9.6~ "" 8el<izjd alcohol "-l--!jltull)'loluene.. 1.00-51~ Crfi<O 1.4 • 1.1 + {)_g + B.25 "" H)'drnxymeitl)l>enzene.. 

Benzenemelbanol 
Benzyl clllo<ide a-CI'!Iorot:OIIDene, 100-44--1 c,Htct OJ + n.e + Oli + Q_14-

~ 
BenzyiiD<mal!! Fcnnic acid benzyl es...- l04-57-4 CoJ--1.0,. 0.9 + 0.73 • O..M ~ "" llo<m lriflooride lflll-'Jl-2 BF, NR NR NR 15.5 G1' - 7726<QS-<l 8r.::! NR + 1:.30 -· 0.74 • 10.5-1 1[]_ 11 

llromobmzl!ne- 108-86-1 C,.H,Br n.e !lli B_Qa, ~ 

Z'Brnmoeth'll me!h'll elhe< !1482-24'-2 C,H,OBr 0.84 -'W "" IIRlmalt!ml T~ 75-25-2 CI--IBr, NR + 25 ll.5 • 10.4!1 ll.!i 
~1- rt-PA>I>'!I bron-Ode 106-Q4..5 C,H,Br 150 + 1.5 + !t6 • ,10.16- "" - 11,3-0ubdiene., Vrn'l'l ethYlene 1'06-QQ..Il C.. He e_a 0115 .. u Q_[)7' 2 
lluladiEned~. Ul- , ,2.3,4-Diepox)ibutlno 21l8-18-0 C.HeO, 25 + 3.5- t 12 -10 "" Elutmal 1'-llwtanal 123-72~ C.HeO I.E 9.&1 
llutme 11J6.Q1-B C.H,. !Jl • 1.2 10.53 800 
Elui:imal, 1- 8ut)ll aloolilo1. 1n-B""""" 71 -38-3 C.H,,O 70 + 4.7 L4 • g_~ ~ Bu-.·- tod-llubnd. ~ul-!!1 illoohdl 75-65-0 C.,H,.O 6.9 + 2.Q 9.001 100 
lll!rtene. 1- 1L!luty!ene 106-!lB-Q C.Ho O.Q 9.58 "" Bl!rtoJc)'!!hanol. 2- Ell!iiJ'I Cel-e.. Elhylene '"cot 1•11-76-2 C.Ht..O. 1.8 + 1.2 -f ll.6 • <W 2.5 

t1lllll0b4-ot-
llutoxye111"""''...- Ethanol. 2-{2-WiD>.yelhoJc~}-. 124-17-4 C,ol-b.(), 5.6 SID'. !I: 

<Eetitl! 

~- 2-(2-Bu~ 112-34-5 C,H,,,O, 4.6 s:lg~ 

But)ll-·.o- 1Zl-BB-4 C.Hi.O. 2.fl • -w 150 
llmy! acr;Ca~E. .,_ 8ut)ll2.~ 14 1-32-2 G,H,,O, t.e .. ll.5 • to 

Jlay!ic acid btdvl·-
~~~- fiJQ-73-Q C,.H,,N 1.1 + ,_, + (]_7 • B.71 C5 
ll<nylc:ellos<lt.te se<!2-Elut~ 111-76-2 
ButYIIJIIdrooeroOO.. t - 75-91-2 C.iHt.O. :.LO + 1.e + <1[) ,, 
Bul)ilme~ 1'1l-io1 109-79-5 C.,H,.S 0.55 + 0-"2 + 9.'14 0.5 
Gaobco<fiSlJfid" 75-15-!1 cs, 4 + 1.2 .. 0.44 ,10_[17 10 

Gad>on- T~ 513-23-5 00. NR + NR .. 1.7 • IH7 5 
Cdd>ooyl suliide Gabmc~ 41l3-58-1 005 li.IS 
Oelo!solve see 2-Elhoxyelharndl 
CFC-14see T~ 
CFC-113,..., 1 .1 .2-Tricltk:ro-1.2,2~ 
CIDn. 7782-50-<0 a, u • H.-Ill 0.5 
CIDn. dioxide t10041l--!l4-4 00, NR + NR .. NR • 10.57 l{]_ t 

~. ~ 108-ll!l-7 c.Hoa 0.44 + 0.40 + D.3Q • ROO m 

RAE 4 
~.;!IT::JIU:"'ICII•n.• 

3775 1'1. F1151 st. San.looe. CA!l>S I M-1700 US.O. 
Pf%Jne: •11188 .. 7:23..882.3 

$ v ~ ' r:: .. •• 
Email:~ 
l'ii!I>SIIe: ....... r:ae~ 
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MULTI GAS MONITOR PGM-50/PHOTOIONIZATION DETECTOR (PID) MULTIRAE PLUS 

Caq>oondl lhme SY"'"'rmt~ CAS No. Fonnulo 9.8 c 1M c 111 CE[eV]• WIA 
~de·. ~ PG61F. OXSOI. l Oll QB-56-<l Crf-I.Qli=o 0.74 + U.63 • 11.55 • <Q.B 25 

p-CIIIornllenmirifluoride-
Cblon>-I.:J..butodieno. 2- ~ 126-QQ-B C:.H,Cll 3 1ll 
Chloro-1.1-<ilbJroelhane. 1- HCFC-142E!. R-142E! 7!i-l!B-,3 C;H,QF, NR NR NR 1211 ne 
CNctodifluoromethane HCFC-22, R-22 15-45-<l Cl-IOIF,. NR NR NR 122 10011 
Chlon>eti1;m. Ellrilcilloride 75-00-3 C,H,CI NR + NR • 1.1 • !0."7 100 
~cl Ellylen"chlroh~ 1D7'lJ7-3 c,H,GIO 2.9 10.52 01 
Cl*roe!hyl-. 2- bis{2-dlloroelhyl) eti1er 111-44-4 c.Hi!l,O 8.6 + 3.1] • !; 

OIDoelhyl me411jlelhe<. 2- M<Mlyl2_yl_ 627-42-ll C..HJO() 3 "" Ohlcrefmm T~ .fl]-00-3 CHG, NR + NR + 3.~ • l1 .37 Ul 
Chloro-2-mi!llylprnp..ne. 3- -..rl)l o:Horide, 150ilulionyl 563-47-3 C.H,CI 1.4 + 12 • 0.63 • 9.1!1 "" cNori<le 
CNornpiain 76-00-2 OCI,NQ,. NR + -400 • 7 0.1 
Gh~on:i~Dlueme, o- ~ 115-49-B C,H,cl 0.~ 0.6 B.B3 50 
Chlcro'IDiueme, p- p-CHonlmethylbe!lz<!oe HJ!l-43-4 C,H,CI 0.6 8.69 "" ~ .. OTFE.CI:i-~ne 79-JB.l! C.OF, 6.1 + J.Q ... 1.2 • 9.76 !; 

GeneiJa1 l 1 13 
Cl*:rolrirnethylsllane 75-TI-4 c.HiCISi NR NR llB:1 • 10.B3 "" Cresol, m- ~"""· 108-39-4 C,H&Q 0 .57 + 0.~ + 0.57 • 829 !; 

Cresol.o- ~ 95-48-7 C,HiQ U J 8.511 
Cresol. p- p-1-ljodmxy!Wene 100-44-5 c.H.Q 1.4 8.35 
Crotrxlaldehyde fr.in5-2-B- 123-73-Q G,H,O 1.5 + 1.1 • !11 • 9.73 2 

4171l-30-3 
c..r..n.. ~~· l!B-82-a c..H,, 0.58 • 0..54 + 0.4 • 8.73 50 
G)<anooem l!lllmne 5116-68-3 CNi!< NR NR NR l1.!14 ne 
Cyimogen chloride 500-77-4 CNCI NR i'!R NR 12.34 cu:; 
Ojoclohoxane 116-82-7 G,l-1,, 3-.l + 1.4 ·+ 0.64 • Q.B6 300 
CyrJohexanal C~alcchol 100-!!3-0 <;,!-j,,O H i + 0.~ • u • 9.75 50 
CyrJotoexanon .. HlB-94-1 G,l-1,,0 1.0 + O:Q .. 11.7 • 9.14 2!; 

Cydohex""e 11!l-B3-ll Col-liO OJ3 t 8.1!5 300 
Cyclohe>)lamine. 108-91-B G,l--,,N 1.2 M2 HI 
C)o:k:penl3ne ~. 287-112-3 c.H.o NR + ~5 • 1.1 10.33 BOO 

2;2-lhjlfOOiaqe 15~ 
~ ....... .........,..propane 71l5-30-ll <;,H,N 1.1 1- o_g + {1.0 • "" IJoe<:ametiTyloydQpelllasil""""" 541-llZ-Il c,D~is ll.l B + 0.13 + ll12 . .,., 
~~lo ...... 141-ll2-B C,aH,.,o.sr. O. H + 0. 13 ~ 11.12 ·<102 "" !lemne 1~18-5 c,.H, 4 _0 + 1A • D.35 • Q.65 "" IJia<:etcno, alcchol ~rnxy-2-pentlnooe 123-42-2 G,l-1,0, 11.7 5U 
~ CNorod~Jrnmomete l~B-1 CH&-,cl NR f- !iJ, 0.7 10.59 "" !lbaoo-3-<:iJionlpl:pa, 1.2- DOCP ~1 2-S c,H,!k.Cl NR + 1.7 0.43 O.IOCI1 

~1 .1- EDII,~~-- 11J6.Q3..4 c,H,~J,. NR + 1.1 ... 11.6 • m:>r "" Elhylene bromiO.. 
Dich~.o- 1.2~ ll~51J-I C..H;CI, D.!i4 + 0.47 • O.:lll • ROB 2!; 
Dici1Jorodilluorotn!lhane CFC-12 7~71-B OC"F' NR • NR • 11.75 10011 
Dici1Jorod irnethylsll..,.. 7~78-5 Q,H.D,Si NR NR ~.I ::>10.7 "'' Dichloroe!l\ime, 1.2- EDC. 1,2-DGA. B!Jylene 107-DB-2 c.l-!<CI, NR~ + 0.6 11.04 f[) 

dic!Dide 
Dici1Joml!lllene. I. lc. 1.1-DGE, V"llll'lidene c:hiO!ide 15-35-4 c.H.Cb· 0.112 ... ll.8 • Q•.7G ~ 
Dichl!nlelhene, o-11,2- <>-1.2.-DCE, 156-59-2 <;,H,CI, 0.8 ll.66 200 

clH);chJorooethi<lene 
llicilloroelleoe. r-1;.2- 1!-1.2-0CE, 156-liD-5 c.HA 0.~ .. 0.34 • Q.65 200 

iram-Dich""'-'lhylene 
IJic:hloro. !.ftuoroe4bane·. 1.1- R-141B H17-004l c.H.GbF NR + NR + 2.11 no-
OichJon:Jrne:ibfl@ ..... ,.~-
~~ AK-225. rio of -45%3.3- 442-M-11 C;I-ICl,F, NR + NR • 25 • ne 

dici*Jro-1.1.1.2.2__..,..,_ 501~1 
prnpane {HClFC-225ca) & -!;5% 
1 ,:1-D"!<Noro-1. !,2;2.~ 
penla!IOOI"Pf'lll"""' {HCFC-
2200b) 

TABLE 1. (coot) Correction Factors and Ionization Energies 
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MULTI GAS MONITOR PGM-50/PHOTOIONIZATION DETECTOR (PID) MULTIRAE PLUS 

Technical Niote TN-1. 06 _,.,,,.,.,. 
c....,.,..nc~: Nilmt!! SynonjOII/AIItlreviali"" CAS No. Fonnulo 9.J c 111.6 c 11-7 CE(e'l) TWA 
Didlloroprop,..,e.. 1'.2- 73-$7-6 •cvt.G& ll.7 10.!17 15. 
Didllom-1cpmpene. t.3- 542-7§..11 •C;H.Cu u 1- 0116 -+ -::m '1 
llichlom-1-propen<>. 2.3- 78-W-11 •C:,H.Cll 1.9 1- 1..3 + 0.7 • <10 "" Didllom-l.U- R-123 JOII.83.2 C.HCbf, NR + NR + 10.1 • 11!i "" _.,.,_u. 
lll:hlom-2,".6- DGTFP 1737-113-5 C:.GI:F;N 1.1 .. 0:9 ... ll.8 • "" lri!Uornpyridine. 3.5-
DidliDM>S. V.,.,...:O.~O- 62'13-7 C.H,ci,O.P D.l! - cg• a 1 

c.c:HonMnjl pbllSJlha~ 
Dicyclopenladiene DCPO, C)dqpeoladiene cfmer 77-73-6 c.,H, o_~ 1- 0--18 + 0_4:> • B.B !; 

lliesel Fuel ~ m.w_2.26 OJ! + II 
L1oi!5e1 FUEl i!'l jAubroWel 6ro-.'4-:ill-5 m.w.21~ 1.::1 07 + ll4 - ,, 
llioil!ylamine 1011-811-7 C.I-I,N 1 8.[)1: 5. 
llil!!l:rjlaminapR!Iljlamioe·. 3- 104-78-9 G,I-I,;,N, 1.3 "" ~"" See· llowlhe!m J 
llie!llyhlal...te 141-U5-U C..l-lt,O., ... oe 
Oie!hylsojfjd" seeEib)ilsulfide 
o;mm. liee~'JI- ,~ c..H • .O. 
llisobutyllelooe DJBK. 2.2-<EIE~ 1011-83-8 (;,11,,0 0.71 .. 0.61 ... 0.35 • g.l)4 25. 

~"" 1011-18-9 c.l-lt-" DB4 1- 0.74 + 0.~ • 7.73 5. 
IJiiteh!ne Ketene dimer 674-ll:!--11 c.l-1.0. :L6 1- "2.0 ·+ 1-.4 • '9.6 0.5. 
~. N,N- DIM 127-111-6 C.HoNO 0"87 + OJ3 + 0.3 • 8.!11, HI 
~ ....... 124-441-3 c,H,N 1.5 823 !io 
Doinelb)ilcarbooale r:..t>onic acid .rmethyl esil!r 616-38-11 c.J-loO, NR 1- -70 + 1'.7 • -11l.5 "" ~~ OMDS 624-92-11 G,HoS, 0 .2 + 0.20 + 11.2·1 • 1-'1 ne 
Dmlelhyte<l!ef' --'11-om.~ !JME.A !l911-!i6-1 Cdi1iN ,_, 

1- 1.0 + llJl • 7.7-'1 - 3. 
llOroetllylkim1 mide, N.N- ~F 6&-12-2 C;H,NO G .. 7 + 0.1 • 0 .8 R13 HI 
Doinelhyt~y<hzine. 1.1- UDMli ~-14-7 G,l-l,N, 0.8 + ll.ll 72B 1!1.01 
om.thyl methyl~ OMMP, methyl pbosphooic acid 756-7:1-6 C,HAP NR 1- 4~ + 0.74 • 10.0 ne 

di~-
~stilfa!E 77-JS-1 c.H.O.S -23 -20 + 2..3 • 0.1 
Dmlethyt SLilfitle -~-Dmlethyt sulfoxide- lliMSO. -'11~- 67_, c,H,.OS 1.4- .. Q.10 ne 
Diooca.,., I ,4- 123-01-1 C.H,O, 1.,3 Q:1Q 25 
Dio:mlllne. 1.3- Elbylene IJil'col fmmal ,fl41l-06-(] c.HoQ, "-0 1- 2..'l + 1.6 • '9.9 :m 
J:loolt1em " Si!E ThEmmoiiD • 
D<:twcarn J ~~m. 0£1h~2). 15341}-17-'1 c~,. D.fr 
DS-IOOFWipeSolvenl EillyllaciatE/lsopar W 07-&1-3 mw. l1 8 3.3 1- l c6 + 0.7 • "" ~ ... ol-72:1 64742-411--11 

Hillll-m-3 
EjlicNcnlhjodrin: EGH Chlcnme111.)4oxirane. 1!lfrBB-ll c.H.CID - 200 + 8li ... i .4 • 10.2: 0.5 

1-dllcro2,~ane - 74-84-<l c.Ho NR ·+ 15 • 11.~2 ne 
Ethanol Elhyt aloohol 64-H-5 ~0 10 .. 3. 1 • ~ 0 .41 HIOO 
EliB!::;alamtnE • MEA.~e 14143-5 C.I-IHJ !!6 - Ul IH!o l 
E'thene EIJylene 74-85-1 <41-4 ~ 4.:3 • IO.M "" ~·ool. 2- Eillyl cellosolve 110-B0-5 C.l-ltoOo u 9 .. 6 5. 

Elb)il- 141-7~ c.H.O, 4!6 ... 3.~ 10nl -400 
Elb)ilaceloaoeta!!! 141-97-Q QJ-1,,0, 1,4 + 1.2 + !11 • <10 "" Bh)il aaylab! 141l-BB-5 c.H,Q;, 2..4 + u • <1•0.3 5 
EIIJylanOne 15-04-1 c,H,N OB 8.86 !; 
E'lh)'lbenz<!ne UJ0-41-4 Cd-hc 0.52 + 0.52 + 0.51 • s.rr 100 
E!hyl cap!"llaole Ethyl- 100-32-1 C,al-br(), + a.!i2 + 0.51 • BhyleneCia ....... 1 ,2-Eibanediarnr...; 11l1-15-3 c,H,N, o_g + as • LO • u HI 

1.2-DiamD:>olhane 
BbjllenE gtyoo~• 12-Bhanediol 11l7-c21-1 CJ!-kO. ,~ + II r 10 IB C100 
Elbyleru!~~ 2~AaJI.U... 81~1-1 c.H.O, 11.2 SID.! 

RAE RAE Srslems be. 
2 J77S tf. F.r&tst.. SiiB.IOOe. CA95134-17111ll.ls.o. 

Phoo:e: •11100.72:3 .... '8823 s 'I':;; J t Iii ; 
Email:~ 
Wl!t>Siie:,.__ ... ~ 

TABLE 1. (coot) Correction Factors and Ionization Energies 
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I 

C-ndlbme 
Ethylene l#:ol dimelhjl 

eiller 
~·glycol""""""'*) 
ell...-acetrte 
E!hjolene ~ manollic 
Elbylef1eOJCide 
Elh)'l eiher 
Elh)'l~ilte 
Elh)'l ionnaiE 

~ynonrm/AbbreviilliOfl 

1 .l~axye!hane, 

~ 
2-ll~ .,..,..,;rte 

~2~ 
O><*aQe.~ane 
rneihyleihe< 
EEP 

CASJrl.o. 
111l-71-4 

l 12-07-2 

60-24-2 
75-21-8 
60-21l-7 
763-llQ-Q 
100-1!4-4 

Elhylhel<)'l ~·· 2-
Eih)'ll:!ex>mol 
Elh)'lidenenarl>or:nene 

Aaytic.•<xl2-£1h!'lh&yl es~..- l03-1l-7 
2-Ethyl- , -loelomol , 04-76-7 
5-Eih)'lidem• bicyclo(2.2.l ~pl-2- Ul21 g_ 75-3 

Elbyt(S}{-~ 
see illso OS-108F 

Elh)'l~ 
Ethy!Sl!llfXIe 
Fclmaldehyde 
Flllrnill1lido 
fgmje;acXJ 
Fmur.ol 
FUifur)l aloohol 
GasciDe#l 
GasciDe ~2. ~2 octane 
Gllllar.!ldoiJjode 

..... 
Elhyl-. Elbyt (S}{-)
t!pol<~ 
E-iol 
rneihyl sUfide 
Flllll'lillill 

1~Gii*~ 

2,3--Epoxypnlpyl ~ 
2-iln>ml>-2-<:hlcm-1,1,1'-. 
lritf~ 

HCFC-22 see Ohlorndiluornmelhime 
HCFC-123 ...,2.2-0i<hlon>-1. 1.1-l!:ifluonoelhane 
HCFC-1418 ..,1,,1-Ddlkirn-1-flooroelllimo 
HCFC-l42B ..., 1~1.1-<1-n~ 
HCFC-l34A ..,.1',1, 1,,2-Teflafluornethime 
HCFC-22.5 see.D----
f-leplane., ll-

HeptaOOI, 4-
Heloi~lozane. 

l.l.l,3.3,3- • 
~)tdisi-
Hexar:le, lll-
He:J<arml. ,_ 
Hel:ellh!. -tL 

~ 
HMOS 

HMOS. 

HFE-7100 ""'-)1 oonaluornbui)I-
Histodear (1-listo-Ciearl li'mneneloom oiil ""'11""1 
~· 
1-ljojrazoicacid 

=cy.Dde 
Hydnago>Jl iolfdP • 
li!'d"'flE!l peroxide 
1-ljoj"'flE!lst.llfide 
Hyd""''Pf'fP)P~a!E 

......,. 
lodomethan! 
lsoamjll ...-, 
lsObul:ane -lscbuta-o. 

EIB7-47-E 
Gl-<14-3 
75-!JB-1 
352-~2 
50-00-ll 
75-1.2-7 
1.14-18-<l 
llB-01-l 
,lJB-OIH] 

BIJIJ6.'!l~-1l 
Bllll64ll '9 
111-3ll-ll 

100-91-2 
1'51-67-7 

142-E<-5 
5BS-55-Q 
QBQ..ll7-3 

HJ1-46-0 
111l-54-3 
111-27-:l 
-5jj2-41-ll 

31JZ-Ill-2 

1333-74-0 
74-lltl-8 
100l4-8!i-2. 
7122-E4-1 
7783-06-4 
'27Bl3-0:!-I 
ll:l:l--26-2 
~2 

74-ES-4 
1.23-112-2 
75-28-5 
7B-E3-I 
115-11-7 

J 

Technical Niote TN-106 

9.B C 10.6 C 11.1 C IE IE¥) TWA 
U O.llill 0 .7 jj2 ne 

c.H..OS 
c,H,O 
C,f;I,,O 
C,H,.O, 
C;l-\<0, 
Cn t+..O. 
CBH,,O 
Ctl-f-12 

c,fi,S 
C.H,OS 
CH,O 
CH,NO 
Ci-1>0> 
c.H,O, 
C.J-\;0, 
IJL'I\L72 

m.'l\1" •. 193 
c,H,o, 
C,H;,O, 
c,H6rCIF, 

CJ11,i! 
c,H,,o 
C..H,.NS~ 

c.H.~ 
C!J-i.i .. 
C.l-l i.O 
c,H, 

m.w.-138 
1-i.N.. 
HN, 
Iii 
HCN 
HI 
I1A 
H.S 
C,H,,O, 

,, 
Cli;t 
c,H,.o, 
Cti11D 
c,H,,O 
C.Ht 

'12 + 

0 .~ + 

13 + 

OJ61l + 

NR + 

NR + 

t.J + 
L1 + 
2.6 + 

45 + 
1.8 + 

0.33 + 
350 + 

Q + 

0.5 + 
>B ~ 

NR + 
NR + 

NR + 
NR + 
9.9 + 

0.1 
1121 + 
'10.1 

1Q + 
Ull + 

RAE Srslems be. 

1.3 

1.5 
13 
1.1 

0.7:5 

1J 
1:9 

0:3'11 

32 

0..56 
Cl5 
NR 
6.~ 

NR 
O.J!i2 
o.m 
o_g 
1~0 
O.ll 

12 

.2.8 
1..3-
D..2 

027 
4..3-
2f> 
0..8 

OA 
2.(1 

NR 
NR 

-{)Jj' 

NR 
3J 
2.3 

OJ 
022 
2.1 
100 
3.8 
Ull 

~0.6 

Q.65 .. l.!!i • 10.!>7 
+ L7 ll.5! 
+ 

IJ! IO.tlll 

• 0.5 • 
~~--6 

+ D.Jol • !<13.!1 

+ l.6 • -m 

• Q2Q 
+ 8.43 
+ Ul • to.!l7 
;. 4 l0.16 

• g • lUl 
+ (]_8 • Q211 
+ <R5 
+ 
+ 0.~ • 
+ 0 .6 • .. 0.9 • 

0.6 11.D 

• D.Bil Q.ll2' 
+ 0.5 Q.611 
+ 02 -B.! 

+ D25 • Q.6-4 
+ 0 .5-4 • tll. 13 
+ 0.55 • Q.BQ 

9.44 

+ 0:3 
+ :u B. I 

1~..7 

+ 1111! • 15.43 
+ NR • na 

1D.31! 
NR mM 
1.5 10.-45 

+ u • 
t 0. 1 ~ 11.40 .. D.:lll • Q_!i4 

LO 001 0 
+ 1'.2 • ~ 0.57 .. u moo 
+ 1.00 • 924 

3775 ~ Fl'&l st. S.O.IOOe. CA 95134-1700 USA 
Ph:Jne: •H:J00.723A~a23 

Ernalt~~ 
Wl!t>Siie:"'**-""'~ 

I 
-400 

"" 100 
ne 

ne 

"" 
0.5 

"" CO.:> 
HI 
5 
2 

HI 
lOO 
lOO 

C0.05 

0.5 
50 

-400 
ne ... 
"" 50 
ne 
30 

~ 

0111 

"" cu 

1 
HI 

"" 
l:'.lLI 

2 
100 

"" 5() 

Ne 

TABLE 1. (coot) Correction Factors and Ionization Energies 
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Technical Note TN-1 06 
~t2C!JD1 

Compound H....., Synonyml-ior\ CASiilc>. -~ 3.8 c 1t.6 c 11J CIE I"V) TWA 
lsobtJtyl~ lsobtJtyl2~ 106-63-11 CiH;,O, 1.5 .. 0.60 • Ne -........ 1~.2~)1 26675-43-7 c.H.QF;O NR .. NR' .. .a ~ -11.7 Ne 

d~---- 2.2. 4-T-.y!pe'ltin! ~1 C8H18 1.2 Q.Bil ne 
lsqpar ESolln!nl lscparaflinic hydrocilrtlalls 04741~ m.w. 121 L7 + ll8 .. Ne 
lsqpar G SolvEnt Plwtooopier diluent 64742--411-'Q m.w. 148 o.a • Ne 
lsopar K SoMrt lsopamfinic :h~ 64742--411-'Q m.w. 156 O.D + 0.5 .. 0.27 ~ Ne 
l5opar l SalvBii l!iopar.olfinich~ 64742-411-'Q m.w. 163 O.D .. 0.5 + 028 + Ne 
lsopar M ScM!!Jt lsop.,_,ic hydrocilrtlalls 154742-47-l! m.w. l91 0.7 + 114 + Ne 
l5opentlne 1-r.let!Jilulane 78-7il-'l C..Hu 82 Ne 
lsQphomn .. 7s.5Q.1 c.H,.O 3 g_m C5 
Isoprene 2-Me1llyl-1,3-but>diene 78-7Q.5 c.Ht 0.00 + D.63 + 0.60 ~ 8.85 Ne 
1-a ~ atdd.2.pq>rd.IPA 67.6J.O C,Hoa 500 + dO .. 2.7 10:12 200 
lsopmpyt .acel3te 108-21-'1 c,H,,O, 2.6 g_gg 100 

l!iopnlpyt -
Di~elher 108-20-3 G,H,.O o.a 920 250 

Jeotfuo!IJP-4 Jet 8, Twbo B, F-40 BIXJ!I.2(J.{I+ m.w.115 1.0 + 0.4 • Ne 
Wide cui type aviaDon fuol 64741--4.2-0 

Jeotfuel JP'-5 Jet!>, F-44, KErosene '- !'.OIJ8.20-<I + rnw. 167 0.6 + 0.5 ... 2Q 
-fuel 64747-77-1 

Jeotfuo!IJP-l! JetAcl , F--34. Kerosenel)po WIIB-20-<1+ m.w. l65 0.6 + {1.3 • 3Q 
...n.monill!l 64741-77-1 

JEt fuel A-I (JP-8) F--l'l . ~lyp@~ 11008-20-<1 + m.w. 145 OJ!7 34 
fuel 64741-77-1 

JE!fueiTS Them!aly &able Jet Fuel 11008-20-<1 + m .... 165 0.9 .. 0.~ + 0.3 ... 3Q 
~ l<orosE!ne kleJ 64742-47-8 

limanale, D- (R){+)-I.imonene 5QBQ.27-5 C,aHtil D.3J + -82 Ne 
Ke!uoEno C10-C1Gp8o.<i'i!ift• - ""'Jet-FUEls 8011&-20-<1 
MDI -:see 4.4'-Mell)'fenebs(J>henli!'ISOOI"'IIall!) 
Maleicanll)odridi! 2,5-F....-,. 108-31--6 (UH,O; - '10.8 0.1 
Mesitylene 1.3,5-Trimelhyl>onzene '108-&-B COli a 0.36 + Cl3!i + !l.J + 8.41 25 
Molhall)fc!Dido< --3-Chlon>-~ 
Methane Natlr.llgas 74-82-B CH. NR + NR ... NR .. 12.01 file - Metb)! alcohol. carbinol 67-5~1 Cf-1,0 NR + NR + 2.5 • 10.85 200 
-~2- Mo!>yh:ella5DI\Ie. E.lt~ 10Q.B6-4 C..Ho.O. 4.8 • 2.4 • 1.4 + 10. 1 5 

gljot:clmmoml!lhyt.eOhor 
-~ancl.2- 2-{2-IMI!Ih<lxjo!lhooty)ollad ut.n-J ctH,,O 2..3 + 12 + 0.11 + <I ll Ne 

Diethylene rlyrd rllClllllllll!1 
elber 

MltlhoX)'I'tb)il eOher. 2-
~--

11 1-Q6..8 c.H,,.O, 0.64 + 0,.54 + 0.44 • <9.8 Ne 
Dil'lrjla:lo0<DiflrEII)l-. 

Meih)f aretal:e 
cv,m. 

79-l!l-11 c.J-'..Q, NR + 6.6 + 1.4- • 10.27 200 
Meih)f aayial2 Mei!Jyt 2.......,..,.,__ Aaylic ~ C.l-I.OJ 3.7 + 1.2 • (Q . .lJ) 2 

ac:idmellrflesll!r 
Mo!lhylamine -· 74-89-5 Cli,N 12 B.ll7 5 
Melft)famylkelme. MAl<. 2-Jleptonone.. Mell)f 11(1-43.{1 c,H,.O 0.9 + OJ!5 • 0.-5 • 9.311 50 

Meeh)f bron-ile ~ 74-83-0 CH,8r liD + 1.7 + 1.3 + 10.54 1 
Meih)f 1-but}i - MTSE, l!!rl-&a'jl nE1Ityl elber 1634-04-4 c,H,, o.g + 9.24 40 
Meehjl.......,,.,., ..... 2-Melhln~ 
Melh)fc:bloride ~· 74-87-3 ~CI NR • NR .. 0.74 • 1122 50 
~ 107-<17-2 C,'H,. 1.6 + D..97 + olia + 1!.64 400 

-~ b:s(pheft~ '-'DL t.tcro<M .. c,.H..N,Q, Very""" Pill> ~ 0Dl5 
"""Y-*~ ~ .4·-· 

!.ll!thytoneci*lride ~ 75-{)11.2 CH;,CI, .NR + NR + 0.89 + 11.32 25 
"!eehyy- Di.....e..ylelhe< '11 5-10--6 ~ 4.8 .. 3.1 + 2.5 + 10.03 Ne _,..,.,.,.._ 

MEK2-8utlnone 78-1l3-3 GolioO 0.<16 + 0.9 .. 1.1 + 9.51 200 

-~ Monome!h'jil'oy<fra:zin. OG-34-4 c.H!H; 1.4 + 1.2 + 1.3 ... 7] 0.01 
~ 

!.ll!thyl isoam)f kf'tooo MIAK. 5-Methyl-2~ 110-'12-3 C,H,,o 0.8 + 0.78 .. 0.5 + ·Q28 50 

TABLE ·k 
RAE Sr*tm> kK:. 1. (coot) 4 ID5 N.-SL SiiOJooe. CA.9S134.1~ .US>. 
F'bme: +1 J!88. 723,11823 
Emi0:~3~..com 
WeDS!io:'ONII:~ 
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MULTI GAS MONITOR PGM-50/PHOTOIONIZATION DETECTOR (PID) MULTIRAE PLUS 

MelhJI isoiJuljl -· CompoondiN-
Metilyl isooyana!e 
~is<>lhiocy;onal.i> 
~men:apfan 
Melh)t meiha<>ylat.e 
Melh~oo~!!lbet" 

MISK, 4-Meihy\;2-;pentanone 
~ynonjOII/IIbbr.,.,;;,oo, 

CHJNOO 
CH:!INGS 
-iol 

HFE-7100DL 

-... Spirits- VJS<:Or 12011 Calbation, Fluid' b_p. 106-207•C 
~nolamn.- .... ~ne 
Mu5ani. liD, llisi~)I)Sitii"" 

N3phthii - see VM &. P Naptha 
Naphlt:lalen" Mothbals, 
NickEI.,..,.,..yl fnOO~ Niotel~ 1'{_.., 
Nitric-
Nitmbenzo!ne 
Nilroelhane 
Ni1rogen dioxide 
Niirogeo lrilluoride 
~ 
~.2-
Non;me 

Noq>ao- 12 
flrapar1·3 
Oria~ 

~· Ootme.n-
OI:U!ne, !--~coc:id " 

~ene 

PGME 

PGMEA 

-=nNilrogen 
PhosphDe tooats lamp) 

n-l'ir.lfli-ls. rTlltSIIyC,.-c; , 
n-l'ar.llli>s. mosllyC,,.C,, 

Technical Niote TN-'"1 06 

IOS-1 0-1 e.o -1- OJ3 + ll.JI • 9.311 5ll 
CAS No. Rmnula 911 c ,O.G c 11.:1 CEI•II)t TWA 
6:14-83-!l c,H;NO 
551-61-ll c,H,NS 
74-~3-l C/-LS 
Bll-ll2-<l c.f{,O, 
Hl37ll:l;-OB-7. c.H,F.O 
163702'-(]7-<l 
l!i!i211-lll-2 llilHHW2 

l07-B7-Q c.J-1.~ 
B12-51J-.o1 C.JfoN(l 

111>-loJ..e c.H;03 
-98-83-!J G,H,c 
75-18-3 c,l-loS 
!lll2!l-BJ-5 m.w_144 
llll5.2-41--3 
68551-17-7 
0052-41.-3 m.w. 14 2 

505-llll-:l c.~ 
3Q472-4ll-7 
BBHi7-fl2-ll 

!!1-20--3 

NR • 
0.5 + 

0.65 
"Ll • 

1.0 .. 
D .,. 

0.49 + 
1.0 

1.0 -1-

0 .45 f-

u + 1.5 IO.lJ;7 ll.02 
0.45 + (]_4 Q•.25 "" 0.54 0.6!l Q.44 a.~ 
u . + 1.2 • Q..7 100 
NR + -35 • "" 

-!! II + <Yli "" 
0.93 • 0.1Q • Q.Ja 200 
Oll ;- (]_Q • 9.17 '!" 

09 + lit .. -li ~ 

0.5" 8.16 5!1 
0.44 + 0.4e • 8.69 "" 11011 + D..3ll • 100 

0.7 • 0.3 • 100 

o_.; IUIIDE 

0.42 • 0.40 • 8.13 10 
I :!463-311--3 
-54-11-5 
lll1112-43'9 
IJB--95-3 
71!-24-3 
lfl102-44-ll 
7783-M-2 
75-.52-5 
71!-46--9 
111-84-2 
01417'1-72-B 
!14771-72-8 
551l-ll7-2 
107-51-7 
111-ll5-Q 
111-$-0 
100~ 
11!-21-0 

C,ul-la 
C.NiO.. 
C,.H,.f>t 
NO 
c,H,NN; 
c,H,NO, 
NO; 

0.13 <8.8 0.001 

71h1.1-!l 

f27-1'8-4 

lOS-95-2 
75-44-5 
75-44-5 
7003-51-1 

NF, 
CH,NO, 
C,H,NO; 
C-,H, 
m.w.1e·1 
m.w. IBQ 
G,H,;O,S~, 

C.l-{,;O,Si, 
Cd-i,l!l 
C,H, 
c.H, 
C;H,O, 

::!.0 
--<1 5.2 + 2.8 • 
2.lt • u -+ u • 

3 
23 • ~6 + ll 
NR NR Nlil 

"' "LII 
1.4 

3.2 • 1.1 .. 02B 
2.7 -1- 1.0 + (1.3 

0.21 .. [117 + 0.14 • 
0.23 • 0.111 -+ 0.11 • 
13 -1- 1Jl • 

0.9 + 0.75 + 0.4 • 
00 -1- 8.4 + 0.7 • NR NR + 2;3 + 

flil + 2.5 ~ 

OJIIl -1- 0..57 + 0.~1 

"L4 -1- 11i + 1.1 • 
Ul5 + 1.0 + 0.8 • 

'1.0 -t- 1.0 + lUI • 
NR+NR + B.~• 
NR-t-NR+6.ll• 
28 3.11+1.1• 

RAE S,.tems ... c. 

st0.4 
Q26 
Q.Hll 

mea 
Q.Th 
no 

H.ll2 
10.711 

9.72 

<1•0.0 
9.82 
9.43 

10.35 

Q.J;! 

B.M 
112 
11.2 
9.!17 

3175 ~ Filii Sl... sauooe. co. 95134-1700 LJSA 
Phone: •1..800.723A~a23 

Ernalt~ 
WI!OS!ie:"'**-""'~ 

25 
1 

100 
3. 

1D 
2[) 
HI. 

200 

"" ne 

"" 
"" 300 
Th 

6011 

"" 
FIE 

25 

100 

oe 

5 
0.1 
0.1 
0.3. 

TABLE 1. (coot) Correction Factors and Ionization Energies 
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MULTI GAS MONITOR PGM-50/PHOTOIONIZATION DETECTOR (PID) MULTIRAE PLUS 

Compcwxl Name SJ'l"'lym/Abhn!viation CAS No. 
Pho!Doo~Ji..- T ooer ISoparaf:finmix 
F'il>l*le. 3- :H.!~ine ~OB-Bl4l 

Pililefle, a- "2437-il!Hl 
Pinene. !I- 18~72'67-3 
f'i!>er'!leno .. isomer mix 1! .3-Petriii<f~Ene 504-60-Q 
Propane 74-98-8 
l'mpanol. 1>- l'mpyl alaohol 71-23-8 
Propene Propylene 115-07-1 
Pmpionaldehj'de Prupanal 123-38-ll 
Propyl iiCE1il!e_ n- UJQ-60-4 
~-•. n-- 1~. 107-10-B 
~ 

Prop~~· 108-32-7 

~!JI""'i 1!_2~ 57-55-11 
Pmpylene gl!""'' ll"'f'YY e!he< l-P--2-propandi l569-lli..J 
Propylene oDie Me!l1)toxicane- 75-56-9 

150BIJ.<I:?...J 
15448.47-2 

l'ropjllenem"" 2-~.,. 75-55-B 
Propyl """""!'~an- 2- 2-¥!q>ane!hiol. ls"'""P)i 75-33-.2 

mereapian 
P,.-.., 110-86-1 
P)ll16dne (~~) ~ 123-75-1 
RR7300 (PGMEPGMEA) 70:30 I'GME'PGMEA (1- 1U7-QB-2 

Me!ha"lf'21J!llPandi:I-Helhoxy-
2-~) 

S<~rin GB.~ 1U7-44-B 
~m~ 50042-234 

Slo<ldad Scilvent-..,., MDer.ll Spirits 8020~5 

~· ! 00-4.2-!i 
SLilti.-dimi<le 744~5 

Sulti.-hl>ll3fluorid<! 255!~-4 
SWftr,-1 ~uo<ide \riioa~e 2!lOO-7Q-B, 
Tawn• Ell\}! N. N- 71-BI-B 

T~•ne. 1.1.1.2-
di!=thylpl¥>5ph~ 

l'il!l-20-B 
T_,.,, 1.,1.2,2- 7B-34-5 
T elradJiomsllane HHl2:l-ll4--7 
Tenell\)'1- lB. 78-00-2 
T~~ Eill)'l Sll"""". TEOS 78-1~ 

r..-.. ..... 1.1..1 .2- HFC--134A BI1-B7-2 
T-...-ne 1FE. T-~ 11!l-t4-3 
~ 

T~ ·CFG--14. Carboo -UD<ide 75-73-0 
T-~ TI-IF IOQ..QQ.B 

Te1rome-lh)lorthosi1"- ME-lh)l-, iMOS 681-&1-5 
Tllernlilollll D-tz • ~<>d .... -31/Yniiphli-.. M74~-41!-!l 
Tnanooolll\IP-1' lliMt!1em A,3 .1 O.phEn~IJDOe: 101-B4-8 

Biphep)l Q:l.-5;;1,-q 

Tduetle ~ 108-88-3 
To~y~en,._z,~ lDI. ~eihj!-1.~2.4- 584-84-Q 

di isoco;anaiE 
Triclli<J<dlen- . 1_2.-4-- 1.2.4-TCB 120-B.2-1 
Triclllaroe!hane, 1. 1.1- 1~ .1. 1-TCA, Metll)l _, 71-55<5 
T-.1.1_2-- 11.1.2-TGA i'IHJD-5 
Trichlaroetbene iCE. Tric:boroe111)'1 71Hll-<l 
Tricll~ane ME-lhyltri<:Norosila 75-71l-<1 
TricltfomlrilhJornethime.1 .1..2- ,CFC-113 76-13-1 
Triell!)linine lEA 121-44-B 
T rielh)l be<ale 1EB; Boric acitl l!;ielhyf' esllo< 150-46-ll 

6 

Technica.l Niote TN-1 06 
~Som12f2007 

F.,....., Ia 9.11 c 1U; c 11.7 C Elo-1/l, "TWA 
0.5 .. 0.3 • "" Gol-t,N O.Q Q.[)4 ne 

C,aHn!l 0.31 • 0.47 9.07 "" C,aH111 0.3!l + [137 + 0.37 • -a. t oo 
c.t~. O.i'B + 0.6'1! + 0.64 • 8 .. 5 100 
c.J-1. NR -f L8 • moo 251111 
C,H,O 5 L7 10.22 200 
C...Ho 1.!i + 1.4 -t L6 • 9.73 "" CJ-1<0 1.9 g_oo oe 
C.J-1,,0, 3.5 .2.3 ta.04 200 
G,l;l,H 1.1 + 1.1 ... ll.U • 8.78, ne 

C.l-kO. 1l2 ~ t ;- m~ "" c,HIQ, 18 !i5 • 1.6 <1 0.2 "" c.J;l,.O, 1.3 + 1.0 + L5 "" G,li4l -240 M + .2.9 • 10.22 20 

OO>N 1.5 + 1.3 + LO .. Q.G 2 
c.H.S· 0.54 + 0.55 "* 9.1~ ne 

c.H.N 8.78 + 0.7 + 0.7 • 9.25 5 
c.HoN :.u + 1.3 + L6 • - B.D ne 
G,H,,O,I 1A + 1.0 • ne 
c,l-1,,0, 

C,l-j,df'O,I' -3 

Gr.H. 0..45 + 0.40 + (],4 • 8.43 2D 
so, NR NR + NR • ~.2.32 2 
SF, NR NR NR 15.3 1000 
SO,F, NR NR NR an 5 
C;H,,N,O.P IIJl l tppl 

c,ftA L:l -11 _1 "" t::,H,CI, NR .. NR + 0.00 • -11.1 11 
=. NR ~R 15 • U.7~ ne 
c.J-bol'l> 0.4 0"3 0.2 - 11. 1 0.008 
C,.!j,,,Si 0 _7 ... !1.2 • -a.s 10 
c,IY, NR NR ne 
Gr-4i -1~ 10. 1:! "" 
CF~ NR .. NR • >1 5.3 ne 
C.HoO I.Q + 1.7 + !.0 • 9.41 :1.00 
c.H,,O,Si 10 + 1.9 + - 'fll< 1 
m.w. lBO D.B ~ [1~1 . 11 33 - 111! 

Gt.H,Jl 0 .4 + I 
Ct=Ho 
G,Ht 0..54 + 0.!111 • 0.51 • 8.82: 50 
c,H,N,O;, L4 + 1.4 -+ 2.0 • 0 .002 

c.,H,a, 0.7 + 0.45 .. 9114 C5 
c,H,CI, NR -f , 'It 3liO 
c,H.cl!, NR + NR ll.9 11.~ 1D 
<JtHa, OJI2 + 0.54 OA3 9.47 50 
CH,O,!ii NR NR u • 11.311 oe 
C,Ct,F, NR NR 11.00 1000 
Cd-i,~N O. QO + O.Q .. 11.85 • 7.3 'I 
<:.l-li.o.B 22 .. L1 • - 1[) "" 

RAE S j151ems -.o, 
J775 N... F:r&r:Sl, Siiln.Jo&I!.CAI~i1~1100 USA 
PncXle: f-11100.123.:8823 
Email:~ 
W'eO.Siie:'INYIJ'CIIe~ 

TABLE 1. (coot) Correction Factors and Ionization Energies 

DIM0204321 



DIM0204246 

STANDARD OPERATING PROCEDURES 
SOP: 2139 
PAGE: 19 of 19 
REV: 0.0 
DATE: 11/22/05 

MULTI GAS MONITOR PGM-50/PHOTOIONIZATION DETECTOR (PID) MULTIRAE PLUS 

Technical Note TN-106 

eon.-m~Ume SynonymiAbbrevimoo CAS lifo. Fomnda ,.a c 11L6 c 11J CEf•VJ TWA 
Tril!lll)IJlh.,..mh> Eli)( pl1osplr.lle 78-40-ll c.H • .a.P -50 i- l.1 + 0.60 .. Q.J~ 

T rilluoro<!lllan. 1.1.2- 4J0.004J CoH>f• 34 12.9 
TtWnetlylamine 7~5(1.3 c.HoN O.il 7.B2 
Tnnefly1benzme, 1.3.5- - ..., Mesit)'l""" 11J8.67-Il 

Tnnei!)C- ~ll; l3oric add nmel1yf O'Sia. 121'-'43-7 c.HoOlll a.1 + 1.2 .. 1Q.1 
E!clltlnmo-

Tnnelh)!lphosplta~e llle1h)l .ph.,..mh> 512-M-1 C.HoO<P' 11.0 + '1.3 + g_gg 
Tnnelhyt phosp/til<! r.lolhyl~ 121-45-Q c,HoO,I' 1.1 + • !!.S 
Tgpenme Pi1e""" (85'4) + Dlheo- ~2 c,,H,, 0.37 + 0.30 + ll2Q + -a 

ciisqRnos 
~ 112(1.21-4 c, ...... 2 Qliil 
Varsol- see Miner.ll Spirits 
Vnj(- 11l8-Q5..4 c,~ U i + 1.2 + LO .. Q.tll 
Vn)lbrornid!! ~ 5Q3..60.2 c,Hlllr 0.4 Q.IID 
Vn)lc:tbide CNDnli!lh)lenl!. VCM 75-01-4 G,H,Q 2.0 + OJI + ii.IIQ 
Vm)l-1~ ..... 4- E!utodiene dine<, 11J1l.40.J c.Hu 0.6 +- Oliil + 1l.B3 

4-E111enyic)dohexen!! 
Vm)idone d1loride - ..,.. 1,1-lli<:ttloroelh 
Vlll)t-2-pym!lidinon<!, 1- NVP, N-mytp~ 1- 88-12.(1 c.H.NO Ul .. 0 .8 + 0.9 + 

O!!!aryi-2.,..-
V1500r 120B ·see t.rm<!!31 Spas· \lisccr 1208 ca!i- FUel 
v. M. & p- Napl11ha l..igrtin; Solv<!nl naph!ha: Vi0171ish 6474:2-80-S m.w. 111 1.1 .. 0.0] + 

!1\ilker's.& paln!e!'s napjha {C.-Co) 
X)tene. m- 1 .3-0irnelb)huasre '108-38-3 (4H, (l!j(] + 11.44 + 11.40 + 8.58 
Xylene. o- 1 ,2-0irnelh~e 95--47-(1 C._H., 0.56 + 11.-46 + 0.~3 8.511 
Xylene, p- l .~jl>enzene 106-42--3 c..Hta 11.48 .. 11.39 + 0.38 .. 8.44 

"""" I 1 I -· 1E-tll 1E+6 1£+6 

'~-in green c:an beoel:deo US"''a PlfnlV\E 2000 IJ' ppbli'AS-"' -~ balm..-y be '~ 
- on • r...::iRAE ..-~ ~on I1'D1rjliZ< rnH<!(5 c>n illtnicalaan ~~~""" b.* mayD<It 
bequ-~lar ...... - ... ._....15 .............. 
Therminclll is a regisl2red T""""'"""' of Solutia, Inc. 

AppendiJ: t 
~of AulliiD<Ific •C*ubtion of ~an Faci!JB, TLVs-d Abnn Umil5 .-...Mmun!5 
(CalculoOons perfo<med using &col wrsion of Ill is dolbbose, -.ou..ble on ..-q~J"Sf) 

CF CF 
Compound !l.leV '10c6eV 

IJ;enzeoe 0.515 D.53 
Toluene 0.54 D.5 
Hexane, a- 3ilO 4.3 
~ .... 45 2.8 
SlyrEne 0.45 0.4 
Acetone 1.2 1.1 
~ 500 6 
None 1 1 

Mildun! va..: 2.1 1.5 
n.v Alimn~intwhen 
C<llibr.liedlo l~ 2tl 'g 

"""' ppm 
STELA&m Selpoint, samo ·~ 86 115" 

ppm ppm 

7 

CF Uol. Cane TlV STEl 
11.1ev fnc """' ppm Ppm 

Oc6 
0.51 
0.54 
11.6 
0.42 
1.4 
2.1 
1 

O.BO 

112 
ppm 
1Q3 
ppm 

0.01 1 ll.li Hi 
0.00 10 50 '150 
0.00 10 50 150 
0.28 50 ~00 500 
0.00 10 211 411 
11.211 50 1511 fDOO 
0.28 50 400 500 
OAXl· 0 ' 
1.00 181 !iii 172 
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SOP Number: 02-05-03 
Effective Date: 03/01/11 

Teclmical Approval: 

QA Management Approval: 

SOP Description 

This Standard Operating Procedure (SOP) describes the steps that are to be taken to ensur~ a 
conect Chain-Of-Custody (COC) program is followed for every TechLaw project involving 
sampling activities. The program allows for the tracking of possession and handling of 
individual samples, from the time of field collection thrm1gh laboratory analysis. Because 
samples collected during an investigation could be used as evidence in litigation, possession of 
the samples must be traceable from the time each sample is collected until analytical results are 
introduced as evidence in legal proceedings. 

This SOP must be used in conjunction with the procedures for packaging and shipping samples 
as discussed in SOP No. 04-02-XX, Environmental Samples, and SOP No. 04-03-XX, 
Hazardous lvfaterials/Dangerous Goods . 

General Procedures 

DIM0204246 

Related SOPs 

This SOP is to be used in conjunction with the other relevant or applicable SOPs found in 
the following SOP categories: 

Category No. 

02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 

. Category Title 

Field Procedures 
Field Documentation Procedures 
Packagj ng and Shipping Procedures 
Field Equipment Operation and Maintenance Procedures 
Groundwater SampBng/Monitoring and Analysis Procedures 
SoiUSediment Sampling and Analysis Procedures 
Surface Water Sampling and Analysis Procedures 
Health and Safety Procedures 
Regulatory Compliance Procedures 
Quality Assurance Procedures 
Incineration/BIF Sampling and Analysis Procedures 
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13 
14 
15 
16 

Waste Sampling and Analysis Procedures 
Asbestos Handling 
Region 5 ESAT-Speclfic SOPs 
Region 8 ESAT -Specific SOPs 

Equipment and Appa1·atus 

• Samp]e identification labels 

• Sample tags (with strings attached) 

• Custody seals 

• Chain-Of-Custody Records 

• Receipt For Samples fonns 

• Ice chests and ice for sample shipment 

• Nylon-Teinforced strapping tape 

• Clear (packing/strapping) tape 

• Plastic zip-lock storage bags 

• Pens with pennanent water-proof ink 

• Large trash bags to line the ke chest (cooler) 

• Packaging materials (e.g., vermiculite, bubble wrap, saw dust, etc.) 

Additional equijnneut aud apparatus when using FORMS II Lite 

• Computer, preferably with internet access 

• Three-in-one pmiable printer 

• Sticker labels for printing (such as Avery labels for printing) 
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Definitions 

Sample under Custody 

A sample is considered to be "under custody" if one or more of the following criteria are 
met: 

• The sample is in the sampler's or the trausferee1s actual possession, 

• The sample is in the sampler's or transferee's view after being in his/her possession, 

• The sample was in the sampler's or transferee's possession a11d then was locked up in 
a secure place to prevent tampering, and 

• The sample is placed in a designated secure area. 

Sampler 

The sampler is defined as the person responsible for the collection of the samples. Any 
person on the sampling team may serve as the sampler. 

Transferee 

The transferee is the person designated to receive and maintain custody of the samples and 
coordinate shipment of the samples .fi:om the site of collection to the analytical laboratory. 
Any person on the sampling team may serve as the transferee. In addition, the role of the 
transferee may be .filled by severa1 different people throughout the course of the sampling 
activities. The basic fimction of the transferee 1s to assume the responsibility of custody of 
the samples from the time the samples are coUected 1mtil they are relinquished to the 
shipping company or the analytical laboratory. 

Description of Chain-Of-Custody Forms 

The COC process requires that specific COC forms and paperwork be prepared to docuJUent 
custody of the samples, fi.·om the time they are collected in the field ·until received by the 
analytical laboratmy. A brief description of each of the fom1s and/or paperwork follows: 
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• Sample Identification Label -A sample identification label is affixed to each sample 
container to prevent misidentification of the samples after collection. The labels are usually 
self-adhesive and are affixed to the sample containers by placing them directly on the 
container exterior. Infonnation to be provided on each label includes the site 
identification 1, date, time, preservative used (if any), type of analysis to be perfmmed, name 
of sampler, and sample control number. The information should be recorded using 
permanent water-proof ink. The sample labels can be affixed to the sample containers 
either immediately before or after the sample collection activities. However, care must be 
taken to ensure that the containers are not mislabeled if the labels are applied after the 
samples are collected. 

Sample identificatio11 labels are usually provided along with the shipment of sample 
containers, however, they can also be purchased separately. Sample containers and labels 
may be acquired from either the laboratmy contracted to perform the analytical work, or 
from an independent source. Examples of sample identification labels are provided in 
Attaclunent A. 

• Sample Tag - A sample tag may also be llsed to identify samples collected in the fie1d. 
Requireme11ts for using sample tags will be discussed in the QAPP or SAP. A sample tag 
consists of an identification label which is tied to the neck of the sample container. 
Information to be provided on each sample tag includes the project code, sample station 
number, the date and time of sample collection, type of sample (e.g., grab or composite), 
sample station location, the samplers' signatures, whether or not a preservative was added, 
type of analysis to be performed, tag number, and lab sample number. A copy of a sample 
tag is provided in Attachment B. 

• Custody Seal- A custody seal is affixed over each sample container and lid to provide 
evidence that the sample was not tampered with during transport to the analytical 
laboratmy. The custody seals are self-adhesive and should be placed such that they cover 
the sample containers and lids and sample tag strings, but not the writing on the sample 
labels. The custody seals may contain the date and signature of the sampler~ provide space 
to include the sample number; the name of the individual who breaks the seal; and, the date 
that the seal is broken. Care must be taken to ensure that a11 sample identification 
characters are transcribed conectly on all related documents. Custody seals are also used to 

1 Under 110 circumstances is it acceptttbfe to pt·o••ide tlte laboratOIJ' witlt tire name, locatiou or otlter ideutijj•ing 
information for tlte site (litis includes listing frtcility iuformfltion 011 the chflin-of-custody). Facility initials, 
TechLaw project number or other identifier should be used !hat will not reveal facility infonnation to the laboratory, 
but ,wil! be evident to TcchLaw employees involved wjth the project. 
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secure the sample shipping containers and lids. Examples of custody seals are provided in 
Attachment C. 

• Chain-Of-Custody Record - A COC Record is used to track and document sanlp.le 
possession from the time of collection until receipt at the analytica'I1aboratory. A 
completed form must be filled out to accompany each shipment of samples to the 
laboratory. Infom1ation to be recorded on the form may include: the project number, 
project name2

; name and address· of analytical laboratory; samplers' names and signatures; 
date and time of sample collection; sample identification numbers; sample description; type 
of preservative; grab or composite; number of containers included in the shipment; 
analytical parameters requested; and, sample tag n umber (if applicable) . The bottom 
portion ofthe fonn contains b locks for the signatures ofthe persons involved in the chain 
of possession, including dates of possession, and any pertinent remarks. A copy of a COC 
Record form is provided in Attaclunent D. 

I . 

• Receipt For Samples Form ~ RCRA Section 3007 and CERCLA Section 104 require that 
a "receipt" for all facility samples collected during inspections and investigations be given 
to the owner/operator of each facHity before the field investigator departs the premises. A 
Receipt For Samples form may be used to satisfy these requirements. In addition, the fonn 
may a1so be used to document that split samples were offered to, and were accepted or 
rejected by, the owner/operator of the facility, as well as documenting this i11 the field 
logbook. A COC Record may also be used to document the collection of split samples and 
may substitute for the Receipt for Samples form. Infmmation to be entered on the form 
includes: the project number and name; facility name and location; samplers' signatures; 
sample station number and description; date and time of sample collection; type of samples 
collected (e.g., groundwater or soil; grab or composite); sample tag numbers; number of 
containers; any petiinent remarks; and the signatures of the persons involved in the chain of 
possession. A copy of a Receipt for Samples form is included as Attachment E. 

Chain-Of-Custody "Procedures 

The field sampling team is responsible for the care and custody of aiJ field samples from the time 
of collection until shipment to the analytical laboratory. The specific COC procedures to be 
followed for each sampling event are listed below. 

1 Under 110 circumstances is it rccceptable fo prm•ide tile lahornfol')' with the uame, locatio11 or other ldeuf/fyiug 
informrtliou for the site (this iuchtdes listing fa citify informaOou 011 the clmill-oj-custody). FacWty initials, 
TechLaw project number or other identifier. should be used that will not reveal facility information to the Jaboratot)', 
but will be evidc1rt to TechLaw employees involved with the project. · 
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• The sampling team should collect samples in the field such that the most sensitive 
parameters are addressed before the less sensitive parameters (e.g., volatile organic samples 
should be collected prior to metals, cyanide, and other parameters). Refer to the SOP "06-," 
"07-," and "08-," "12-", and "13-" series for specific sampling procedures for groundwater, 
soil/sediment, surface water, incineration/BIF, and waste, respectively. 

• Each sample container should be filled with the sample, and then placed in an ice chest 
which contains bagged ice.3 All environmental sample containers must be placed in the ice 
chest immediately after collection to preserve the integrity of the sample parameters. The 
ice chest with the samples must remain in view of the samplers in order for the samples to 
remain in custody. 

• After all sample parameters have been collected at a specific sample location, the sampling 
team travels back to the central staging area, relinquishes control of the samples to the 
transferee for safekeeping, and prepares for the next sampling location. If only two field 
samplers are present, samples must be placed on ice and locked in a secure location (e.g., 
vehicle) before departing for the next sample Location. 

• The transfeTee (or other field team members, as appropriate) should inspect the sample 
containers to ensure they were properly filled and secured. Any problems observed with 
the sample containers (e.g., broken glass containers, sample bottles not adequately filled, 
loose lids) should be completely documented in the field logbook. 

• If not already affixed, the transferee/field team members should apply sample identification 
labels and/or sample tags to the sample containers. A layer of clear (packing/strapping) 
tape may be placed directly over each sample label to prevent the ink from smearing ru1d 
slippage of the label due to condensation on the outside of the container. After the sample 
containers have been labeled/tagged, the transferee may secure each sample with custody 
seals. Samples are then placed into plastic zip-lock type bags. Large sample containers 
(e.g., one-gallon amber glass jugs) do not need to be placed into plastic bags. The sample 
containers are then retumed to the ice chest. 

• After all samples have been collected and the containers appropriately labeled, the 
transferee then completes the COC Record. If necessary, the transferee and/or sampling 
team members transfer the sample containers fi'om the sample storage ice chest into the 
sample shipping container ('rvhich may be a different ice chest). The transferee/team 

3 Only environmental samples should be preserved with ice; waste samples arc never shipped with ice. Refer to SOP 
No. 04-02-XX for more information regarding the packaging and shipping procedmes for environmental samples. 
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members must ensure that the samples are properly packaged within the shipping container. 
Refer to SOP No. 04-02-XX for sample packaging and shipping procedures. 

• The original and at least one copy of the COC Record must be placed inside a plastic zip
lock type storage bag and taped to the underside (interior) of the shipping container lid. 
One copy of the COC Record must be retained by the transferee for placement into the 
project files. 

• The sample shipping container should then be closed and secured with several layers of 
strapping tape at each end of the shipping container. At least two custody seals must be 
placed along the front and back edges of the container, where the container body and lid 
meet. The custody seals should be affixed such that the shipping container cannot be 
opened without tearing or disturbing the seals. Secure the seals by covering them with tape. 
The seals should be secured to prevent their accidental removal dming shipment. Only one 
layer of tape should cover the seals to ensure that they remain visible through the tape. 

• The shipping airbill should then be completed and attached to the shipping co11tainer. The 
transferee (or other sample team member as designated by the transferee) must personally 
deliver and release the shipping container to the shipping company or the analytical 
Jaborat01y. 

• If it is not possible to release the sample shipment to the shipping company, or if the 
samples must be retained ovemight, the transferee or designated custodian must maintain 
custody of the samples until the shipment can be accomplished. Custody is maintained 
provided that the samples: 

Remain in the transferee's actual possession. 
Remain in the transferee's view after being in his/her possession. 
Are locked up in a secure place to prevent tampering. 
Are placed in a designated secure area. 

· If the shipping delay is of a short duration (less than twenty-four hours in most 
circumstances), the shipping container should remain closed and sealed. The actual release 
time to the shipping company should then be entered in the field logbook. If the delay time 
is of a longer duration, or the conditions where the samples are stored are likely to lead to 
loss of ice (i.e., ifthe samples are kept in a locked vehicle on a hot day), the shipping 
container should be re-opened and additional ice added to the container. In addition, the 
laboratory should be contacted and informed of any pending shipping delays. 
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• Prepare a Receipt For Samples fom1 or a COC form and present it to the facility 
representative prior to departing the facility. Document in the field logbook whether split 
samples were offered to, and were accepted or rejected by, the facility representative. The 
transferee must keep one copy of the Receipt -For Samples fonn or COC form for jnclusion 
in the project files. 

• Document ail field samp.ling and shipping activities, and COC procedtrres in the field 
logbook and photographic record. In addition, any COC deviations from the SAP or this 
SOP tnnst be documented and justified in the field logbook. Field logbook and 
photographic log documentation procedures can be found in SOP Nos. 03-01-XX and 03-
02-XX, respectively. 

The above COC procedures are guidelines that should generally be followed by TechLaw field 
personnel. However, the site-specifi.c SAP and QAPP should identify any specific requirements 
based on project or contract requirements. For EPA Superfund contracts, it is often necessary to 
send the samples to a Superfund's Analytical Services Branch (ASB) Contract Laborat01y 
Program (CLP) Routine Analytical Services (RAS). Wl1en a CLP lab is the designated recipient 
ofthe samples, the Field Operations Records Management System II Lite (FORMS II Lite) 
should be used to generate labels, COCs and traffic reports (TRs). 

FORMS II Lite is a program that helps automate the field sampling documentation process. 
Computer-based and web-based training is available at the following web page: 
http://epa.gov/superftuld/programs/clp/f21train.htm. All field personnel are encouraged to take 
this training. 

FORMS II Lite proceeds through a series of log Leal steps to allow the user to input information. 
It contains seven steps which ultimately lead to the creation of labels and records. The seven 
steps are listed below. 

Step 1: Enter Site Jnfonnation 

Step 2: SeJect Sampling Team 

Step 3: Select Analysis 

Step 4: Station/Location 

Step 5: Assign Bottles 

Step 6: Assign Lab 
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Step 7: Assign Canier 

Initiating a project is done in Steps 1 through 3; sample locations are identified in Step 4; 
numbering and documenting samples is accomplished in Step 5; and shipping infonnation is 
generated in Steps 6 and 7. 

FORMS li Lite generates a Regional COC, which should be sent to the EPA Region that owns 
the contract under which the sampling is conducted. Depending on the EPA Regional 
requirements, the following actions may be required after the samples are shipped in accordance 
with the above general procedures. 

• Upload the TR/COC to the EPA Sample Management Office (SMO) website (you 
should have had exported the TR as an .xml file before executing this action). Access 
to the SMO website wm require a User Name and Password and should be obtained 
from the TechLaw Project Manager or the EPA Project Manager in advance. 

The SMO website address is: http://epasmoweb.fedcsc.com/scsh·/ 

• Submit the Regional COC/TR to the EPA Region. In some Regions (e.g., Region 3), 
a scanned (PDF) version of the COC/TR vial email is an acceptable fom1 of submittal. 
Check with your Region whether email or fax of the COC/TR is acceptable in lieu of 
shipping the original to the Region. 

Healtb and Safety Section 

It is TechLaw's policy to maintain an effective program for control of employee exposure to 
chemical, radiological, and physical stress which is consistent with OSHA and other applicable 
and appropriate established standards and requirements. 

All field personnel will be provided with appropriate personal protective clothing and safety 
equipment. At a minimum, this will include a hardhat, hearing protection, full -face respirator, 
steel-toed safety shoes, and safety glasses. Personnel are required to inspect their PPE prior to 
entering any job site and replace any damaged items. 

A site-specific health and safety plan must be developed by the field team leader or designee and 
approved by the TechLa:v Health and Safety Director prior to implementation in the field. This 
plan must be reviewed with the field team members prior to beginning work. 
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Any deviation(s) from an approved site-specific health and safety plan must be documented in 
the field logbook. 

QA/QC Section 

None at this time. 

Comments/Notes 

None at this time. 

Attachments 

Attaclm1ent A- Sample Identification Labels (examples) 

Attachment B- Sample Tag (examples) 

Attaclm1ent C - Custody Seals (examples) 

Attachment D- Chain-Of-Custody Record (examples) 

Attachment E - Receip.t For Samples Form (examples) 

References 

TechLaw, C01porate Qimlity Management Plan, most cunent revision. 

TechLaw, Health and Safety Program, most current version. 
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ATTACHMENT A [Revised 03/01/11] 
SOP Number: 02-05-03 

SAMPLE IDENTIFICATION LABELS 

EACLE ~PICHER 
ENVIRONMENTAL SERVICES 

36 8. J . TUHI~ll BlVD. ·MIAMI, OK 74354 
1~1-742S 

OATf: 

SAMPI.ING SITE: 

~I.!PlE TYPE: 
LJ Grab 0 Composite 
TE"STS RWUIRED: 

Specla.lly Cleaned 
Sample Container 

LOT NO.: 

ICOU£CTED BY: 

0 Other 
PRESERVATIVE 

Client----------------------

Project---------------------

Location------------- ---:-----------

Station------------ ---------

Collected by ------------------

Date --:---------- Time ---------
Preservative(s) ________ A_P_E_S_T ________ _ 

EA 0447 3/22/89 
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ATTACHMENT B [Revised 03/01/11] 
_SOP Numbm·: 02-05-03 

SAJ\IIPLE TAG 

Preservative: 

Yes D NQD 

Volatile Organics NOA) -
Semi Volatiles (ABN) 

~ Pestlcldes/PCB 
u 

Metals 
-.;;- Cyanide s 
~ 

Alkalinity/Hardness 

TCLP 

i 0 VOA 

~ D ABN 
0 METALS 

Asbestos 
Dioxin 

Oil and Grease 

Remarks: 
~ 
;a 
0 

.3 Concentration: 

.§ 
DL D DH &! M 

1bg Number I Lob Sample No. 

6-215951 
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ATTACHMENT C [Revjsed 03/01/11] 
SOP Number: 02-05-03 

CUSTODY SEALS 

;''" '•~ UHITEO StATE$ lloi.IIIUiiiO. lw.r. 
~ ~A EHVIRO!WiHTA~ PROTE:Clto!j AGENCY = OFFICIALSJ.MI'l.E lEAL 1""""111<1 : :r 

l 
0 .. 'J '""" -AMO 'ITLI (~~~~) .. 

~ ~~ 
-

CUSTODY SEAL 
DATE __________ _ 

SIGNATURE __________ _ 
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TechLaw Chain of Custody Record TeehLaw Inc., --
Projec!Code Samples Shi~ To San1plcrs Names I) Sample dcseription 2)~tivc:s 

(Enter in colultlll A) (Enter in column 8) 

Project (site) Name I. Surface W>J.er l.iiCl 
2. Grrwnd W~r 2.11N0l 
J .. Leachate 3. Nal~ 

City. S~a.te, Zip Code Cooier Samplers Sigll3ture:s ~. Riasotc> 4.11150• 
S. S•~I/Scdic=~t ~. N10H ·' 
6. 0il 6. Other {~ify) 

Da!r:Sbipped Air Bill Number 7. Waste 7. lceQ!IIy 
S. OU~er('J)<cify) N.NotpR:SCI'Vcd 

A. ' B. 

If I I I I/;/ I I II ITh~ Matril P=:r. MMIDOrYY 
tnlet enter Grab Nuonhcr Time 

Sample ldentificalioo Numbers ftom from Oi orS:~mple sample 
Box I Bo~ 2 Comp rontainen eollec~nn 

---+-- ----- -·-1- -~-- ·- -- ----·-
--..::-- '-- - - ,_ - - .. ---- .. --~ . --r-

ltelinqui•he<l By Time Dale Recei•cd Dy Tome 031~ Receive~ By 11me Date Rct:cived By Time Datec 

------· i;ci;c-;(iiy-~-- .... _ 
RelinquishoJ By Time Dutt RcccivcdHy 11onc I late Tittte Pate · R~cci~~"ii'Y'" - ---- ·nu~e l)ate 

RC!IIIIIkS {,., 
Dislribution: Ongiltal- Tedt.Law Inc., -

I Page_of_ Carbon ~iC$- L:lbora1ory, wOO: mi(!Jimcot manager, cficnt (as :~ppropri.,te) 
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ATTACHMENT E [Revised 03/01/111 
SOP Number: 02-05-03 

RECEJl>T FOR SAMPLES FORM 
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TECHLA W STANDARD OPERATING PROCEDURES 

FIELD DOCUMENTATION PROCEDURES
MAINTAINING A FIELD LOGBOOK 

Technical Approval: __ _ 

QA Management Approval: 

SOP Description 

Page 1 of6 
SOP Number: 03-01-04 

Effective Date: 03/01/11 

Date:~ 
_ ___ Date:~/ 

This Standard Operating Procedure (SOP) establishes general practices and requirements for the 
use of field logbooks during environmental field activities, including, but not limited to, 
soil/sediment sampling, groundwater sampling, well installations, surface water sampling, 
environmental assessments, and environmental audits. SOPs for the use of field logbooks 
during RCRA Visual Site Inspections and oversight of RCRA Facility Investigations and 
Remedial Investigations are provided in SOP Nos. 03-03-XX and 03-04-XX, respectively. 

Logbooks are used by personnel to document all activities and information gathered in the field. 
The field logbook entries must be legible, factual, det.ailed and objective. Proper field 
documentation is crucial in the logbook because the logbook ultimately may become part of the 
public record and may be used in future legal actions. The field logbook must provide sufficient 
documentation to enable pat1icipants to reconstmct events that occutTed and to refresh the 
memmy of the field personnel if called upon to give testimony during legal proceedings. 

General Procedures 

Related SOPs 

This SOP is to be used in conjunction with other relevant or applicable SOPs found in the 
following SOP categories: 

Category No. Categmy Title 

02 Field Procedures 
03 Field Documentation Procedures 
04 Packaging and Shipping Procedures 
05 Field Equipment Operation and Maintenance Procedures 
06 Groundwater Sampling/Monitoring and Analysis Procedures 
07 Soil/Sediment Sampling and Analysis Procedures 
08 Surface Water Sampling and Analysis Procedures 
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TECHLA'V STANDARD OPERATING PROCEDURES 

FIELD DOCUMENTATION PROCEDURES -
1\tlAINTAINING A FIELD LOGBOOK 

Page 2 of6 
SOP Numbe1·: 03-01-04 

Effective Date: 03/01/11 

09 
10 
11 
12 
13 
14 
15 
16 

Health and Safety Procedures 
Regulat01y Compliance Procedures 
Quality Assurance Procedures 
Incineration/BIF Sampling and Analysis Procedures 
Waste Sampling and Analysis Procedures 
Asbestos Handling 
Region 5 ESAT -Specific SOPs 
Region 8 ESAT-Specific SOPs 

Equipment and Apparatus 

• Field logbooks (Minimally one per person.) 

• Black or Blue pens with waterproof ink (preferably) 

• Compass (preferably) 

• Watch 

Type of Field Logbook 

The field logbook must be bmmd and preferably waterproof. A standard surveyor's notebook or 
the "Rite in the Rain11® Weatherproof Transit Book No. 300, J.L. Darling Corporation, Tacoma, 
Washington, are types of acceptable notebooks that can be used by TechLaw perso1mel. Other 
notebooks are acceptable, provided that they are bound prior to use in the field. A supply of 
field notebooks should be kept in each office location. 

Maintenance of Field Logbook 

The Field Team Leader is responsible for the field logbooks. Each field team member may be 
required to maintain a field logbook; in addition, the Field Team Leader may designate a team 
member as the official record keeper. To ensure consistency in documentation, each logbook is 
to be maintained by the same person for the duration of the project, if feasible. The Field Team 
Leader must review the logbooks during the environmental field activities to check that the 
procedures in this SOP are being followed and that the infonnatipn is entered conectly. 
Additionally) it is the responsibility of the Field Team Leader to ensure that RCRA CBI 
procedures are followed if confidentiality is requested by the facility representative. 

DIM0204246 DIM0204339 



TECHLA W STANDARD OPERATING PROCEDURES 

FillLD DOCUMENTATION PROCEDURES
MAINTAINING A FIELD LOGBOOK 

Page 3 of6 
SOP Number: 03-01-04 

Effective Date: 03/01/11 

Notations in Field Logbook 

• 

• 
• 

• 

DIM0204246 

All notations in field logbooks should be made in waterproof ink. A standard bal ! ~point 
pen is acceptable. No erasures may be attempted. Any corrections or deletions are to be 
made by drawing a single line through the unwanted notation, so that the notation is still 
legible. The writer then places his/her initials and the date near the deletion. Under no 
circumstances are nages to be removed from a field logbook. 

AlJ .field logbook notations must be legible . 

A separate field logbook must be used for each project. More than one logbook may be 
used for a single project if the complexity of the site requires that two separate field teams 
are active on different parts of the facility simultaneously. If more than one logbook is 
used, each is to be numbered seq11entia1Iy (e.g., 1 of3~ 2 of 3, 3 of 3). If two or more 
separate field teams are maintaining logbooks, each team's logbooks ate to be numbered 
sequentially and clearly identifiable (e.g., Team A Book 1 of2, Team A Book 2 of2, 
Team B Book 2 of 2). Each page of the field logbook must be numbered. Each page 
also must be dated and signed by the writer. For pages only pa1tially filled with text, a 
diagonal line must be drawn from the end of the text to the bottom ofthe page. When 
field activities last more than one day, the next day's documentation begins on the next 
page of the field logbook. Relevant site infonnation (e.g., weather, site personnel 
[personnel could change dming the course of the field work], strategies) must be listed at 
tlte beginning of each day's activities. Also, more than one team member may maintain a 
logbook, at the discretion of the team leader. The maintenance of a logbook is discussed 
in more detail in the appropriate Field Documentation SOP (e.g., RCRA VSI, Field 
Oversight) . 

The individual maintaining the logbook must put his/her name and contact infonnation 
on the inside cover or the first (title) page of the logbook. The first page must include 
tlle title oftheproject, project number, facilityname, facility tocation, EPA Identification 
Number (if appropriate), date(s) of activity, names and companies of the team members 
and any other appropriate identifying information, If more than one field logbook is 
used at a facility, eac1J must contain the required project infom1ation on the inside cover 
or the first (title) page ofthe logbook. 
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TECHLA W STANDARD OPERATING PROCEDURES 

FIELD DOCUMENTATION PROCEDURES -
MAINTAINING A FlELD LOGBOOK 

Page 4 of6 
SOP Numbm·: 03-01-04 

Effective Date: 03/01/11 

• Information is generally listed in chronological order in the field logbook and by the time 
of day. All times are to be entered in a 24-hour fonnat (e.g., 7:00p.m. is 1900). All 
factual information obtained during field activities must be recorded in the logbook. 
Information that is not in or refeJTed to in the logbook may not be used in deli verables 
associated with the field work. The field logbook contains only factual infom1ation--no 
conclusions are placed in the logbook. Weather conditions aJe documented at least twice 
a day and must be noted immediately with any significant weather change (e.g., 
thunderstom1). 

Often, sketches are prefell'ed to written descriptions (or used in conjtmction with); 
especially where photographs will not be taken. Sketches must include a north arrow, a 
rough scale and position of buildings, and any other notable features, such as landmarks 
(trees, streets etc.). 

Whe11 photographs are taken, the photograph number is entered into the logbook as well 
as time of day, compass direction, and a description ofwl1at was photographed. 
Relevant features such as cracks and staining should be documented. See SOP No. 
03-02-XX, Taking and Documenting Photographs, for further details. 

• The field logbook is the property oft he client1
• The project manager is the custodian of 

the field logbook for the duration ofthe project. It must remain in the custody of the 
project manager (or a designated person) until the conclusion ofthe field portion of the 
project. The field logbook is then turned over to the central files. 

• Once a field logbook is filled up, the logbook should be scatmed and a copy placed in the 
central files (electronic or hard copy) as soon as possible. Additionally, it is 
reconunended that copies of previous logbooks, instead of original logbooks, are brought 
into the field to minimize the risk of losing hard copy logbooks. 

DIM0204246 

1 
Work products such as field logbooks that are generated during the performance of government conttacts 

are considered the property of the goverrunent client. See SOP No. ll-06-XXfor further details regarding 
document control requirements. 
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FIELD DOCUMENTATION PROCEDURES
MAINTAINING AFIELD LOGBOOK 
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SOP Number: 03-01-04 

Effective Date: 03/01/11 

Healtlt and Safety 

lt is TecbLaw's policy to maintain an effective program for control of employee exposure to 
chemical, radiological, and physical stress which is consistent with OSHA and other applicable 
and appropriate established standards and requirements. 

All field personnel will be provided with appropriate protective clothing and ·safety equipmetH. ' 
At a minimum, this will include steel-toed shoes, safety glasses, and chemical-resistant gloves. 

A site-specific health and safety plan must be developed by the Field Team Leader or designee 
and approved by the Tech Law Health and Safety Director prior to implementation in the :lleld. 
This plan must be reviewed prior to beguuting work. 

Any deviation(s) from an approved site-specific health and safety plan must be documented in 
the field logbook. 

QA/QC 

The Field Team Leader or designee is to conduct periodic QC reviews during a site visit to 
ensure documentation procedures and administrative requirements have been met. 

Comments/Notes 

None at this time. 

Attachments 

None at this time. 

References 

TechLaw, Corporate Quality Management Plan, most current revision. 

TechLaw, HeaLth and Safety Program Plan, most current version. 

· TechLaw, Secnrity P lan fm the Control of Confidential Business Infom1ation, most cuu-ent 
version. 
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TECHLAW STANDARD OPERATING PROCEDURES 

FIELD DOCUMENTATION PROCEDURES
TAKING AND DOCUMENTING PHOTOGRAPHS 

Page 1 of9 
SOP Number: 03-02·04 

Effective Date: 03/01/11 

Technical Approval: _ _ _ --~-- Date; J/1/1( 
QA Management Approval : _ _ Date: _ljJ_JJ_ { 

· SOP De~c1·iption 

This Standard Operating Procedure (SOP) establishes the practice and requirements for 
documenting and taking photographs during field activities, including: RCRA Visual Site 
Inspections (VSis), oversight ofRCRA Facility Investigations (RFis), oversight of Remedial 
Investigation/Feasibility Studies (RI/FSs), compliance enforcement inspections (CEis), 
comprehensive groundwater monitoring evaluations (CMEs), conduct of sampling activities, and 
property transfers. 

The put}Jose of these activities js to gather sufficient information and documentation to relay 
observations to the client and to provide the basis for suggestions for further action or 
recommendations. 

Photographs are taken to obtain visual information conceming lmit characteristics, waste 
characteristics, pollutant migration pathways, releases, and exposure potential. Critical 
documentation is important because these photographs may eventuaiiy be used in 
enforcement/defense cases, legal actions (as evidence of past releases), or as a basis for property 
transactions. The photographs could be used months or years later, and must be thoroughly 
documented. 

This SOP indicates the type of infotmation that must be recorded in the field logbook in 
conjunction with the type of items that must be photograJJhed. The photograph log serves as a 
visual record of what was seen during the field activities. 

General Procedures 

DIM0204246 

Related SOPs 

This SOP is to be used in conjunction with other relevant or applicable SOPs fmmd in 
the following SOP categories: 
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FIELD DOCUMENTATION PROCEDURES
TAKING AND DOCUMENTING PHOTOGRAPHS 

Page 2 of9 
SOP Number: 03-02-04 
Effective Date: 03/01/11 

Categoty No. 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 

Categmy Title 

General Procedures 
Field Procedmes 
Field Documentation Procedures 
Packaging and Shipping Procedures 
Field Equipment Operation and Maintenance Procedures 
Groundwater Sampling/Monitoring and Analysis Procedures 
Soil/Sediment Sampling and Analysis Procedures 
Surface Water Sampling and Analysis Procedures 
Health and Safety Procedures 
Regulatory Compliance Procedures 
Quality Assurance Procedures 
Incineration/BIF Sampling and Analysis Procedures 
Waste Sampling and Analysis Procedures 
Asbestos Handling 
Region 5 ESAT-Specific SOPs 
Region 8 ESA T -Specific SOPs 

Equipment and Apparatus 

• 

Iii 

• 
• 

• 
Iii 

DIM0204246 

Digital or 35 mm-type camera (If it is a large facility> two cameras may be 
necessmy.) 

Extra batteries 

lf35 mm-type camera is used) 200 ASA speed film) 24 exposures (minimum) 

Compass (preferably) 

Watch 

Ruler/pen/coin (to illustrate scale) 
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FIELD DOCUMENTATION PROCEDURES
TAKING AND DOCUMENTING PHOTOGRAPHS 

Page 3 of9 
SOP Number: 03-02-04 
Effective Date: 03/01/11 

Permissiou to Tah:e PbotogJ·aphs 

When conducting _field activities, obtain pemussion to take photographs from the facility 
representative prior to the field activities. If there is an appearance of resistance from the facil ity 
representative, inform the client and together develop a course of action/strategy to obtain 
resolution prior to the field activities. In addition, it is the .responsibility of the Field Team 
Leader to ensure that CBI procedures are followed if confidentiality is requested by the facility 
representative. 

Mahttenance of the Camera 

The following generic operating and maintenance activities must be performed in accordance 
with specif~c directions provided with the camera. 

• Routine inspection and cleaning are to be conducted prior to the :fie1d activities. If 
unfamiliar with the type of camera, review the general directions provided by the 
manufacturer. However, prior to field activities, ensure familiarity with such "how to" 
procedures as: 

Insert and check the battely 
Load and rewind the film, if applicable 
Set the fum speed, if applicable 
Clear memory card, if applicable 
Set the clock 

• Routine testing ofbatteries must be conducted prior to the field activities and at the 
beginning of each day in the field. Additional spare camera batteries shou~d be on hand. 

• Remedial action in the event offaHure or malfunction must be in accordance with the 
camera wananty (if applicable) and directions for troubleshootjng. A malfunction can 
be caused by shock, humidity, salt, etc. If a camera has been used in the presence of 
chemicals, it is to be wiped clean. Also, film cameras must not be placed near strong 
magnetic fields. 
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TECHLAW STANDARD OPERATING PROCEDURES 

FIELD DOCUMENTATION PROCEDURES -
TAKING AND DOCUMENTING PHOTOGRAPHS 

Visual evidence of poor facility maintenance; 
Examples of typical facility operation; 
Adjacent land use; 
Sample locations/activities; and 
Areas that unauthorized persm1s can easily access. 

Page 6 of9 
SOP Number: 03-02-04 
Effective Date: 03/01/11 

• Information that must be recorded in the field logbook in conjunction with each 
photograph incJudes: 

Photographer's name; 
Type of camera (e.g., digital or 35 mm); 
Type of film (if applicable); 
Photograph number; 
Date and time; 
Name and identification number of unit or SWMU; 
Location of unit or SWMU; 
Orientation of photograph (i.e., direction photographer is facing); 
Observed evidence of release (e.g., staining, overflow); 
Notable features of unit or SWMU that may provide evidence of release (e.g., 
cracking, obvious lack of integrity of unit); 
lnf01mation to help characterize the unit, or picture; and 
Other comments (e.g., weather, if a zoom lens was used, etc.). 

• When photographs are taken of objects that are small or close up, it is often helpful to 
use a ruler, pen or coin in the fi:ame to illustrate the scale so one will be able to more 
easily explain or describe the dimensions or proportions. 

• 

• 

DIM0204246 

During sampling activities, photographs are to be taken of actual sample collections, 
conditions of sampling location (e.g., monitoring well he'ad and pad, soil sampling 
location with respect to sunoundings), filled sample containers, and the chain-of
custody seals on the c!osed and sealed ice chests. 

For engagements conducted for regulatory agencies or in the case of property· 
transactions, permission to take photographs must be obtained from the owner/operator 
of the facility. Inform the owner/operator that you will point out or explain what you 
would like to photograph before you actually take the photographs. 
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FIELD DOCUMENTATION PROCEDURES
TAKING AND DOCUMENTING PHOTOGRAPHS 

Page 7 of9 
SOP Number: 03-02-04 
Effective Date: 03/01/11 

Listed below are three possible sce11arios, in order of preference, by which photographs 
are taken and processed: 

You take the photographs ·using the TechLaw camera and leave with the flim and/ 
or photograph files. 
Ifpermission for you to take the photographs is denied, negotiate with the 
owner/operator to have them take the photographs using the Tecl1Law camera. 
The least desirable approach is when permission to take the photographs is 
denied, or the facility allows you to take the photograpl1s but will not let you leave 
with the memory card and/or roll(s) of film. In these cases, negotiate with the 
owner/operator to have the photographs processed, review them, and provide the 
requii'ed number of copies and negatives (if applicable) to you. In these cases, the 
client (e.g., EPA) must be aware of these an-angements and approve them. Note: 
There have been i11stances where photographs were taken by the owner/operator, 
but were never provided to TechLaw. 

Development/Handling of Photographs and Negatives, and Compact Disks 

Commercial developing facilities may be utilized for processing digital photos and/or 35 mm 
film. A minimum of two .4x6 copies of each photograph must be requested - one for submittal to 
the client and the other for the Tech Law files. Prior to processing, determine how many copies 
of the photographs are needed tlu·ough discussions with the client or Project Manager. For 
example, some clients require two copies; therefore, in order to have a set for the TechLaw files, 
tlu·ee copies must be made. On occasion, the facility' •ill request a copy of the photographs. If 
the client is a regulatoty agency (e.g., EPA), this must be approved by the reguJator prior to 
providing the photographs to the facility. Under no circumstances must the original negatives 
and/or compact disks be sent to or left with the facility. Financial reimbursement must be agreed 
to prior to photographic dup1ication. At the end of the assignment, the negatives and/or compact 
disks are forwarded to the Program Manager or designee for inclusion h1 the central ftles. 

In instances where a facility requests that the photographs be treated as CBI (or some other form 
of confidentiality), the photographs and negatives must be designated, logged, handled, stored, 
and transmitted in t he same manner as any other CBI material . 
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FIELD DOCUMENTATION PROCEDURES
TAKING AND DOCUMENTING PHOTOGRAPHS 

Page 8 of9 
SOP Number: 03-02-04 

Effective Date: 03/01/11 

Photo Log 

The purpose of a photo log is to present the photographs taken during field activities along with 
brief docmnentation describing them. E ach write-up is to provide the name and number of the 
unit (e.g., Storage Tank 11, SWMU 3), a description of the unit or activity, and the compass 
direction. Note any patticular background items that should be brought to the attention ofthe 
reader (e.g., note the absorbent materials on the floor around the dmm). Notations should be 
limited to pertinent facts. The photo log fom1at may vary depending upon the ciient's 
instmctions. Two examples are provided in Attaclunent A. 

In addition, maps and drawings (which contain a scale and compass points) can be appended to 
provide further clarification of the photographs and field logbook entries. Notations can be made 
on the maps showing where the photographs were taken and in what compass direction, as well 
as the number on the roll offihn (if applicable). 

If any post processing (e.g., cropping or zooming) is done to digita l photographs, this must be 
noted in the photo log. The original print, as well as the post-processed print should be provided 
to the client. Also, if post-processing is conducted, both the original photograph and the post
processed version must be placed on a CD-ROM or DVD-ROM in TechLaw's central files. 

Health and Safety 

It is TechLaw's policy to m!Jintain an effective program for control of employee exposure to 
chemical, radiological, and physical stress which is consistent with OSHA and other applicable 
and appropriate established standards and requirements. 

All field personnel will be provided with appropriate protective clothing and safety equipment. 
At a minimum, this will include steel-toed shoes, safety glasses, and chemical-resistant gloves. 

A site-specific health and safety plan must be developed by the Field Team Leader or designee 
and approved by the TechLaw Health and Safety Director prior to implementation in the field . 
This plan must be reviewed prior to beginning work. 

Any deviation(s) from an approved site-specific health and safety plan must be documented in 
the field logbook. 
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TAKING AND DOCUMENTJNG PHOTOGRAPHS 

Page 9 of9 
SOP Number: 03-02-04 
Effective Date: 03/01/11 

QA/QC 

None at this time. 

Comments/Notes 

Upon project completion, the logbook(s), one set of photographs and all negatives and/or 
compact disks must be forwarded to the central files. 1 

Attachments 

Attachment A -Photograph Log Example 

References 

Tech Law, Corporate Quality Management Plan, most cunent revision. 

TechLaw, Health and Safety Program Plan, tnost current version. 

TechLaw, Security Plan for the Control of Confidential Business Information, J anuaty 2006. 

lf.S. Environmental Protection Agency, A Compendium of Superfund Field Operati<;ms Methods, 
EPA/540/P-87/001, OSWER Directive 9355.0-14. Washington, D.C., 1987. 

U.S. Environmental Protection Agency, Environmental Monitoring Systems Laborat01y, 
Characterization of Hazardous Waste Sites - A Methods Manual. Volume 1 - Site Investigations, 
EPNG00/4-84/075, Las Vegas, NV. 

U .S. Envjronmental Protection Agency, Office of Solid Waste, RCRA FacilityAssessment 
Guidance, October 1986. 

U.S. Envhonmental Protection Agency, Region IV, Environmental Service Division, 
Engineering Support Branch Standard Operating Policies and Procedures, Georgia February 
1991. 

Work products such as photographs and negatives that are generated during the perfonnance of government 
contracts are considered the property of the client See SOP No. Ll-06-.XX for further details regarding 
document control r-equirements. 
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ATTACHMENT A [Revised 03/01/11] 
SOP Numbel·: 03~02-04 

Pagel of3 
PHOTOGRAPHLOGEXA~LE 

Overview of finished monitoring well LF-2, facing southwest. Note drums containing 
drill cuttings are in contact with the soiL 

Facing northeast towards finished monitoring well LF-2. Note the well casing has not 
been grouted around the surface. The drums contain drill cuttings. 

View (looking east) of the Torit Dust Collector. Note the 55-gallon dmms which 
receive the particulates that are removed from the indoor ak This is a representative 
tmit for the other cyclones in the plant. 

Close-up view of the Fonner Oil/Water Separator No. 13. This unit is presently 
operating as a catch basin for oily wastewater prior to piping to the Building 29-N 
40,000-Gallon Oily Wastewater Tank (SWMU A-5). 

View (looking east) of the removal pipe for Tank W-82. The Waste Oil Vacuum Truck 
(SWMU L-46) collects the waste oil/jet fuyl at this point. Note the staining on and poor 
condition of the asphalt. The stained building in the background is a test cell. 

View of Underground Waste Storage Tanks W~89 and W-92 after being exhumed. The 
hole was cut in the side ofthe tank to examine the metal for value as scrap. This is not 
the original location of these tanks. 

View of surface access area to Underground Waste Oil Storage Tank W-50. Note the 
oil-stained pavement and absorbent in the at·ea. 

View (looking north) of the manhole and bermed access area to underground Waste 
Storage Tank W-53. Note oiL staining on berm and in containment area. 

View ofrlnsing split spoon sampler, in foreground, with the drill rig in the background. 
Note the driller in the background is not wearing gloves. 

Underground Discharge Pipe. Close-up of the asphalt road covering the underground 
discharge pipe. The location of the pipe is indicated by the parallel cracking. Note: In 
the background are the former lagoons. View is facing west 
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ATTACHMENT A [Revised 03/01111] 
SOP Number: 03-02-04 

Page 2 of3 
ExamJ2le 

TECHLAW 

Contract No. XX-XX-XXXX 

[Jnsert Photo Here] 

PHOTO# 

SITE NAME\EPA ID #--~----------------------

SITE LOCATION------------------------

PHOTOGRAPHERAVITNESS _____________________________________ _ 

DATE ___ TIME ______ DIRECTION------TO#----- ---

COMMENTS ___________________________________ __ 
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TECHLA W STANDARD OPERATING PROCEDURE 

PACKAGING AND SHIPPING PROCEDURES
ENVIRONMENTAL SAMPLES 

Teclmical Approval: 

QA Management Approval: 

SOP Description 

Page 1 of9 
SOP Number: 04-02-02 
Effective Date: 03/01/11 

Date: 

Date: 

This Standard Operating Procedure (SOP) describes the procedures involved in the packaging 
and shipping of environmental samples. 

It is the Field Team Leader's responsibility to determine whet~er the samples meet the definition 
of environmental or dangerous goods samples and to .fo11ow the appropriate packaging and 
shipping procedures - SOPs and related guidance. Assistance in detennining sample categories 
can be obtained from senior TechLaw staff/managers. 

Defiuitions: 

• Envjronmental Samples -normally include drinking water, most groundwater 
and ambient surface water, s.oil, sediment, and any samples not containing high 
levels of hazardous materials or hazardous waste. These types of samples 
generally are not considered a hazardous waste in 40 CFR 261.3, or hazardous 
materials under the regulations in 49 CFR 171 through 178. These samples are 
taken from areas where high concentrations of constituents are not likely to be 
found. 

• Hazardous Mnterial- a substance or material, which has been determined by the 
Secretaty ofTransp01tation to be capable of posing an lUTieasonable risk to health, 
safety, and property when transported in commerce, and which has been so 
designated. The tetm includes hazardous substances ( 40 CFR 302.4), hazardous 
waste (40 CFR 261), marine pollutants (49 CPR 172.101, Appendix B), and 
elevated temperature materials ( 49 CFR 171.8). 

• Dangerous Good -an article or substance, which is capable of posing a 
significant risk to health, safety, or property when lranspotied by air, and which 
meets the criteria of one or more of nine United Nations (UN) hazard classes and, 
where applicable, to one of three UN packing groups. The nine classes are 
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TECHLAW STANDARD OPERATING PROCEDURE 
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Is the sample material collected on the list of hazardous material in 49 CFR 
172.101 Hazardous Materials Table or the lATA List of Dangerous Goods (lATA 
Regulations)?; and, 

If samples are collected from a drum, tank, impoundment, or other type of source 
area where hazardous waste/materials are known to be or highly suspected to have 
been disposed, these samples DO NOT qualify as environmental samples. 
STOP and proceed to SOP No. 04-03-XX. 

If any of these cases are true, samples must be shipped as a Dangerous Goods. Refer to SOP 
04-03-XX for Dangerous Goods Shipping Procedures. 

Otherwise, proceed with shipping the environmental samples according to the following 
procedures. 

General Procedures 

Envimnmental samples of solid waste, soil, air or water collected for the sole purpose of testing 
to detennine its characteristics or composition, are excluded from the requirements of 40 CFR 
261-270 when: the sample is being transported to a laboratmy for purpose of testing; and the 
shipper complies with DOT, IA T A or other applicable shippjng requirements. 

The appropriate shipping procedures for Envirorunental samples are detailed in this SOP. 
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Related SOPs 

This SOP is to be used in conjunction with the other relevant or applicable SOPs found 
in the following SOP categories. 

Categ01y No .. 
01 
02 
03 
04 
05 
06 

Categ01y Title 
Genera] Standard Operating Procedures 
General Field Procedures 
Field Documentation Procedures 
Packaging and Shipping Procedures 
Field Equipment Operation and Maintenance Procedures 
Groundwater Sampling/Monitoring and Analysis 
Procedures 
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07 
08 
10 
11 
12 
13 

Soil/Sediment Sampling and Analysis Procedures 
Sm·face Water Sampling and Analysis Procedures 
Regulatory Compliance Procedures 

Related Documentation 

Quallty Assurance Procedures 
Ii1cineration/BlF Sampling and Analysis Procedures 
Waste Sampling and Analysis Procedures 

The following documents should be ·used in conjunction with this SOP regarding the 
packaging and shipment of enviromnental samp1es. 

Field Logbook; 

Site Sampling and Analysis Plan; 

Health and Safety Plan; and 

Other relevant facility/site information. 

Procedures foJ· Packaging and Shippim:: Environmental Samples 

The procedures for packaging and shipping environmental samples are split into four sections: 
pre-field p1·eparation of the coolers; preparation of sample containers for shipment; preparation of 
coolers for shipment; and preparation of the shipping documentation. 

Prior to any field activities requiring shipments of samples via FedEx or other transportation 
service (e.g., UPS), contact the shipping company and detem1ine the following: nearest location 
of the transporter's drop-off office to the field activities; and operating hours of the nearest 
office. ' 
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Pre-field Cooler Preparation 

(l) Ensure that a sufficient number of coolers have been acquired to allow all samples 
to be shipped. Use clean, insulated coolers and remove all tape, markings, labels, 
and custody seals remaining on the outside ofthe coolers .. If possible, the coolers 
should be \Vashed inside and out prim to 11se. 
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As a guide, the approximate number of bottles .fit in a 54-qtlart cooler: 

Organic W11.ter 
1 liter ambers: 
and 40 m1 vials: 

or 

Soils 

12 
_Q 
18 

or 

8 oz. glass and 120 tnl glass: 30 to 35 

Sample Container Preparation 

l11orga11ic Wttter 
500 ml poly and/or 
lliter poly: 18 to 20 

Once samples have been collected, the following steps should be taken in preparing 
samples for shipment. 

(1) Groundwater~ surface water and soil enviromnental samples may require 
preservation prior to shipment to the laboratmy. Refer to SOPs Series 
Nos. 06-XX:-XX, 07-XX-XX and 08-XX:-XX for sample preservation 
techniques and the project-specific Quality Assurance Project Plan 
(QAPP) requirements. · 

(2) Label all samples nccording to the procedures outlined in SOF No. 
02-04-XX. Either sample container labels or sample tags may be nsed. 

(3) Wrap each glass bottle with bubble wrap or use bubble wrap bags. 
Measure out a piece ofbnbhle wrap large enough to sun·ound the entire 
bottle. The bubble wrap helps protect the sample containers from 
breakage dming transport. Use tape to secure the bubble wrap around the 
bottle. There is no need to wrap plastic sample containers with bubble 
wrap. 

For VOA sample containers (40 ml via1s), spread out a sheet of bubble 
wrap one or two sheets long. Two to three vials (i.e., one sample) will be 
wrapped together using tbe prepared sheet. Place a vial on the top comer, 
horizontally, on tbe width end of the bubble wrap. Starting from the vial 
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end, roll the bottles into the remaining bubble wrap. When complete, 
bend the long roll into a V, and tape the package. 

(4) Place each sample container (with the exception ofvery large containers, 
e.g., one-ga11on amber jugs) inside a resealable zip-lock-type plastic bag 
(two resealable zip-lock-type bags may be utilized for the one-gallon 
amber jars). Custody seal tape may be placed around the bag if additional 
seclllity is desired. For large containers, if a large zip-lock-type bag is not 
available, wrap the boltle in bubble wrap and place the container ju a 
clean, unused garbage bag. Tape the opening of the bag closed. 

Coo1er Pl'eparation 

(5) Secure and tape the drain plug on the outside of the cooler with fiber or 
duct tape to prevent leakage from the plug should a sample container or ice 
bag leak inside the cooler. 

(6) Place each labeled, wrapped and bagged sample container h1 the cooler in 
an upright position. Catdboard separators may also be ]Jlaced between the 
sample jars at the discretion of the shipper. 

(7) Fill several large (qumt or gallon size) plastic bags (e.g., zip-lock bags) 
with ice and pJace eacl1 bag of ice within a second zip-lock bag. Place the 
zip-lock side of the ice filled bag, down into the second bag. (Ice bags are 
double-bagged to prevent water leakage when the ice melts during transit.) 
Dry ice should not be used to cool the samples since it is a regulated 
dangerous good. If dry ice is required for shipment (as in the case of 
biological tissue sample shipment), the lATA Dangerous Goods 
Regulations or SOP 04-03-.XX should be consulted for the proper packing 
and shipping instmctions. 

Place the ice bags around the sample containers inside the large outer 
plastic (garbage) bag to keep the samples cool during shipment Fi11 the 
remainder oftl1e cooler with bubble wrap or other appropriate packing 
material. Remember to place a temperature blank into the cooler prior to 
sealing and shipping (see project specific QAPP for applicability). 
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(8) Complete the Chain-of-Custody form and place it along with the necessmy 
sample documentation forms (i.e., Chain-of-Custody, Contract Laboratory 
Program Traffic reports etc.,) inside a zip-lock plastic bag. The 
procedures for completing the Chain-of-Custody paperwork are discussed 
in SOP Nos. 02-05-XX. Tape the plastic bag containing the paperwork to 
the underside of the cooler lid. Close the cooler lid and tape the cooler 
latch shut to prevent accidental opening during shipment. 

(9) Wrap each end of the outside of the cooler with strapping tape such that it 
cannot be opened during shipment. Normally, the tape is WOlUld around 
the outside of the cooler for a total ofthree (3) tums, at both ends ofthe 
cooler. Up to two custody seals should be affixed to each side of the 
cooler across the lid opening so that the cooler cannot be opened without 
breaking the seals. To prevent the accidental tearing ofthe seal during 
shipment, it is advisable to place clear packaging tape over the seal. This 
ensures that the custody seal is finnly affixed to the cooler, yet it can be 
seen through the thin layer of tape. 

Shipping Paperwork Preparation 

(10) 

(11) 

(12) 

If shipping by air, obtain a standard FedEx airbill. If shipping samples for 
a government client, use a TechLaw Government FedEx accounfnumber. 

Attach a label marked as FROM:, containing the name and address of the 
shipper to the outside of the cooler lid in the upper left hand corner. In the 
right hand upper or lower corner of outside cooler lid, place another label 
marked as TO: , containing the name, address and contact person of the 
recipient of the cooler. These labels are attached to the cooler as added 
security in case the FedEx label becomes separated from the cooler. See 
Diagram A for a visual example. 

Complete the shipper's airbill with the appropriate information. Be sure 
to include a Tech.Law job number in the FedEx box labeled for 'Intemal 
Billing Reference Information.' See Attachment B for an example. Fill 
in the weight of the package, if you have it. If not, FedEx will complete 
the inf01mation related to the weight of the package. Once completed, 
affix a Tech Law FedEx airbill or plastic airbill pouch to the outside, center 
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ATTACHMENT A [Revised 03/01111] 
SOP Number: 04~02M02 

SAMPLE FEDEX AIRBILL 
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ATTACHMENT B [Revised 03/01/11] 
SOP Number: 04-02-02 

SAMPLE COOLER 

Label 

Custody Seal __ _ - -

Strapping Tape 
F edEx Ah·B ill 

DIM0204366 



DIM0204246 

QUALITY ASSURANCE PROJECT PLAN 
DIMOCK RESDIENTIAL GROUNDWATER SITE 

REVISIONO 
February 2012 

APPENDIXC 

COLLECTION OF GROUNDWATER SAMPLES FROM DOMESTIC AND 
MUNICIPAL WATER WELLS FOR DISSOLVED GAS ANALYSIS, 

ISOTECH LABORATORIES INC. 
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Collection of Ground Water Samples 
from Domestic and Mu n ici pa I Water Wells 
for Dissolved Gas Analysis 
These instructions are based on sampling protocol created by Anthony Gorody, adopted by the Colorado Oil and Gas Conservation 
Commission, and are reproduced here with their permission. 

The basic technique is to fill a white 5 gallon bucket with source water and then fill the 1 liter sample collection bottle fully immersed 
in the bucket. 

When sampling from a pressurized water system, it is recommended to use an outdoor spigot or other source which bypasses any 
water treatment systems (i.e. water softeners, etc.). 

To collect a sample for isotopic and chromatographic analysis from water that is not effervescent, using 1 L bottle with 
septum cap: 

After purging the well, fill the 5 gallon bucket with water. Attach a nozzle and 12" length of 1f4 inch diameter tubing to the end of the 
5/8 inch hose connected to a faucet. Make sure that the flow rates through the tubing are low. Remove the cap of the 1 L bottle and 
fill it with water. Once the bottle filled, immerse it in the 5 gallon bucket full of water, keeping the tubing at the bottom of the bottle. 
Place the bottle at the bottom of the bucket under a head of water, and keep water flowing at a low rate until another 2 volumes of 
water have been displaced from the bottle. Then slowly lift the tubing out of the bottle and immediately cap it under water. No air 
should be allowed into the 1 L bottle. When finished, tape the cap to the bottle around the neck, pack the bottle upside down in 
ice, and ship it overnight. 

To collect a head space gas sample from an effervescent water well: 

Fill the bottle with water. Submerge the bottle into the 5 gallon bucket filled with well water and invert it. Insert the 1f4 inch tubing 
into the bottle, increase the flow rate to 2-3 gpm and allow the bubbling gases to displace water in a headspace until1/4 to 1/2 of 
the water in the bottle has been displaced. Seal the container under water with the septum and screw cap, tighten it securely. When 
finished, tape the cap to the bottle around the neck, pack the bottle upside down in ice, and ship it overnight. 

Please note lsotech's receiving hours of Monday thru Friday 8:00am to 4:30pm. 
Ship samples to: 

lsotech Laboratories, Inc. 
1308 Parkland Court 
Champaign, IL 61821 

These instructions have been provided to simplify the collection of samples for dissolved gas analysis. Although we try to foresee 
and avoid problems in the field, it is never possible to predict every situation. If you encounter any difficulties, or if any additions or 
changes in these instructions would be beneficial, please let us know. lsotech Laboratories, Inc. makes no warrantee as to the 
applicability and/or safety of the procedures described herein. 
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